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Extended Abstract
This research examines the sustainability of small water and wastewater systems for
remote settlements in Central Australia, and develops a multi-criteria assessment
framework to compare the performance of technologies for use in such systems. The
sustainability of water and wastewater systems has been the subject of considerable
research, for both centralised and decentralised systems in developed and developing
countries. The use of Multi Criteria Assessment (MCA) to solve sustainability-oriented
water and wastewater problems has also been the subject of prior research in a variety
of settings. Both these fields have emphasised the need for locally determined
definitions of sustainability and MCA processes which reflect the reality of the
stakeholders who will be influenced by project outcomes. Such research has only been
carried out to a limited extent in relation to the small, self-managed water and
wastewater systems which are typical of remote settlements in Central Australia. The
work undertaken as part of this project aims to fill that gap.

The research had two aims. The first was to develop a picture of water and wastewater
systems sustainability that was relevant and applicable to remote Central Australian
settings. The second was to use that vision of sustainable systems to design a multicriteria assessment framework which could be used to compare and evaluate water and
wastewater treatment technologies for use in those settings.

Both qualitative and quantitative methods were used to achieve these aims. Firstly, a
qualitative pre-scoping study was carried out to gain an understanding of the conditions
and settings at remote Central Australian sites. This involved site visits and discussions
with the person responsible for the water system at each site. The outcomes informed
the full scoping study into systems sustainability, in which interviews and focus groups
with experts and different types of users in Central Australia were undertaken to discuss
systems, technologies and the issues faced in water and wastewater provision. Analysis
of these results led to the development of the overall sustainability framework for water
and wastewater systems. Further analysis relating to what respondents were saying
specifically about technologies contributed to the development of the sustainabilityoriented multi-criteria assessment process for assessment of technologies.

xi

A telephone survey of users was then carried out to determine the weightings for
different criteria in the MCA process. Technology manufacturers were also surveyed to
obtain data on technology performance against the criteria, which was then input to the
analysis. Different weighting and scoring methods were used to examine the sensitivity
of the model and the analysis itself was carried out in Microsoft Excel.

It was found that systems sustainability is made up of five dimensions for remote
settlements in Central Australia – economic, social, environmental, technical and
institutional. Principles, criteria and indicators of sustainability were developed for each
of these dimensions. The MCA framework consisted of 13 criteria relating to the
economic, social, environmental, technical & institutional performance of technologies.

The commercially available technologies considered for water purification were all
small reverse osmosis units with a permeate production capacity of up to 2,000L/day.
The reason these units were chosen is that the primary reliable source of water for most
sites in remote locations is groundwater, and salinity of groundwater often represents a
barrier to its use as a potable source.
The technologies assessed for wastewater treatment are all commercially available units
designed for sites not connected to a centralised sewerage system. They represent a
range of treatment methods, namely aerobic treatment, membrane bioreactors and
packed bed treatment. Chlorination and ultraviolet tertiary treatment options are
considered in combination with these where they were available as part of the unit.

The assessment of water technologies found two units which out-performed the others.
The results varied depending on the weighting and scoring method used, and there were
some differences between user groups. The assessment of wastewater technologies
showed that one unit was the best performer across every combination of weighting and
scoring bar one. Areas in which further technology development should be undertaken
for improved performance have included modularity of technologies; robustness in
harsh conditions; simplicity of operation and maintenance and regulatory compliance.

xii

The sustainability model developed for water and wastewater treatment in remote
settings could be used to:
•

Assess the sustainability of existing water and wastewater systems, by
examining their performance against the indicators

•

Assist in planning new systems to ensure that they will be sustainable, by
making sure that steps are in place to fulfil each of the indicators

•

Examine policy or funding decisions related to service provision which may
impact on any of the criteria or indicators either positively or negatively.

The multi-criteria assessment framework can be used to compare technologies and
assess relative sustainability performance. The adoption and use of these two tools
should lead to more sustainable water and wastewater systems for remote Central
Australian sites in the future.
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1 Introduction
Introduction
The concept of ‘sustainable development’ was first introduced in 1987 and has been
debated for over twenty years now. Whilst the ‘triple bottom line’ approach of
balancing environmental, economic and social concerns is still a favoured approach,
there has been significant debate over how to apply and make operational the concept of
sustainability in a variety of different settings (see for example Spangenberg 2001).

Considerable research has been undertaken into what sustainability means for the water
sector, across a range of settings: centralised, urban water systems; decentralised
systems for rural settings and urban and rural systems in developing countries (ParryJones et al. 2001; Sahely et al. 2005). The results have shown that there are no hard and
fast rules which determine what makes a ‘sustainable’ system, and that what works in
one situation may not translate well to another. The triple bottom line approach is often
expanded when considering water and wastewater systems sustainability to incorporate
other dimensions, such as institutional and technical factors.

This research in the water sector, and the broader debate over sustainability, has
highlighted the need for conceptualisations of sustainability which have their origins in
the settings in which they will be applied. It is critical that when decisions are made
with the goal of achieving ‘sustainability’, the meaning of sustainability is relevant to
the context in which it is being applied.

One method which has become widely used in attempting to solve problems of
sustainability is Multi Criteria Assessment, or MCA. MCA is favoured for such
applications due to its ability to assess performance against a number of (sometimes
conflicting) criteria. Such complexity is common in assessing performance against
‘sustainability’ due to the need to balance out the multiple dimensions of sustainability
that are involved.
Up until now, there has been no systematic examination of water and wastewater
systems sustainability in remote settings in Central Australia. The first aim of this
project was therefore to explore issues of water and wastewater systems sustainability in
1

remote

Central

Australian

settings,

and

to

examine

differences

between

conceptualisations of sustainability for the different types of sites commonly found in
remote regions – farms, roadhouses & tourism sites, and small Indigenous communities.

The water and wastewater systems in these parts of Australia are typically small, selfmanaged systems funded either privately or by the government. They need to have a
high degree of reliability and they tend to utilise proven technologies such as septic
tanks for wastewater treatment and rainwater tanks for potable water collection which
have been used successfully in remote and harsh climates over extended periods. The
level of technical complexity of the systems varies depending on the financial, human
and technical resources available to each site.

The second aim of this project was to develop a sustainability-oriented MCA framework
which could be used to assess the performance of water and wastewater treatment
technologies. The third part of the project was to apply this framework to commercially
available technologies to compare their performance, and make recommendations for
technology development and implementation in remote Australian settings based on the
results.

2

2 Literature Review
2.1 Overview
Overview of Sustainable Development
and Sustainability
In order to ultimately be able to assess technologies within a sustainability-oriented
Multi Criteria Assessment (MCA) framework, a sound understanding of the origins and
debate over the meaning of ‘sustainable development’ is necessary. In this section, the
original definition of the concept will be examined, along with the most common
conceptions that have emerged from its widespread application. The considerable
debate over the term’s meaning will also be explored, along with steps that have
occurred towards resolving such debate. This will enable conclusions to be drawn that
will guide the conceptualisation of sustainable development and sustainability
throughout this research.

2.1.1

The Brundtland Report & Agenda
Agenda 21

The most often-quoted definition of sustainable development is that put forward by the
World Commission on Environment and Development (WCED) in its 1987 report Our
Common Future1. The report stated that:
“Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”
(WCED 1987, p.43).

This definition of sustainable development has generated considerable debate, which
will be considered shortly. However there are two important concepts introduced in the
report (shortly after this definition) which are often overlooked but warrant closer
examination. Firstly, there is the issue of ‘needs’, in relation to which the report argues
that ‘essential needs’, such as food, water and shelter, should be treated as a priority.

1

Commonly referred to as the ‘Brundtland Report’ after its chairwoman, Mrs Gro Harlem Brundtland of Norway.
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The second important concept is the identification of technology and social structures as
the two factors which limit the ability of the environment to meet the needs of present
and future generations (WCED 1987, p.43). This suggests that changes both in
technologies and the way in which societies function will be needed in order for natural
resources to be used more efficiently and for truly ‘sustainable’ development to be
achieved.

The concept of sustainable development gained further momentum with the adoption of
Agenda 21 by 178 states at the United Nations Conference on Environment and
Development in Brazil in 1992 (UNCED 1992). Agenda 21 has been described in the
Australian context as “a global partnership for sustainable development that sets out
actions we can all take to contribute to global sustainability in the 21st century” (Neil et
al. 2002) . Two important features of Agenda 21 are:
1. Its focus on the social and economic dimensions of development as well as the
need to conserve and manage resources for development;
2. Its emphasis of the need for ‘Local Agenda 21’ (LA21) projects which would
allow for local communities to pursue sustainable development outcomes in a
manner appropriate to their circumstances, in recognition of the fact that
sustainability “problems and solutions have their roots in local issues” (UNCED
1992, section 28.1). Local Agenda 21 activities have been undertaken in many
countries, including Australia.

Yet sustainable development has gone beyond the bounds of officially sanctioned LA21
projects, and has been applied to an extremely diverse range of activities since its
emergence. These activities have occurred in both developed and developing countries
(Carruthers 2001), and have spanned an amazing array of industries and sectors.
Sustainable development is a concept that has been embraced by governments, nongovernmental organisations (NGOs), multinational corporations – which are often the
targets of NGO criticism (Giddings et al. 2002) – and academics (Carruthers 2001).

Not surprisingly, given the diversity of applications and proponents of sustainable
development, there has emerged a vigorous debate over the ‘true’ meaning and
implications of sustainable development. This debate will be examined shortly, but first
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a brief examination of the most common principle to emerge from the literature on
sustainable development will be undertaken.

2.1.2

The Triple Bottom Line

The most fundamental principle which has come to be accepted as part of sustainable
development is the idea that it should incorporate economic, social and environmental
concerns. The statement by the United Nations (UN) that: “Economic development,
social development and environmental protection are interdependent and mutually
reinforcing components of sustainable development” (United Nations 1997) is perhaps
the most overt declaration of this principle, which has come to be known as the ‘triple
bottom line’ (TBL) of sustainability. Hawkins & Shaw echo the consensus view in
noting that “it is commonly accepted that sustainable development has three
dimensions: economic, social and environmental” (2004, p.3). This is most commonly
represented by a Venn diagram of 3 intersecting circles, as shown in Figure 1.

Environment

Society

SUSTAINABLE
DEVELOPMENT

Economy

Figure 1. The triple bottom line of sustainable development

How these dimensions are incorporated in practice depends on the specific context and
the players involved. There is no guarantee that each of the three dimensions will be
adequately considered (Giddings, Hopwood et al. 2002). A number of authors have
noted that of the three, it is social concerns which are often neglected or left out
(Giddings, Hopwood et al. 2002; Sharma & Ruud 2003; Schaefer 2004), perhaps
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because they are considered the most difficult to deal with by many people (Parkin et al.
2003). Others have argued that it is the economic dimension of sustainable development
that has been neglected (Hawkins & Shaw 2004).

2.1.2.1

‘Weak’ and ‘Strong’ Sustainability

Positive views of the potential role that technology will play in achieving sustainability
subscribe to what Williams & Millington (2004) call the ‘weaker’ view of
sustainability. They describe this as the belief that “Technological progress … will
enable people to manipulate the Earth to meet their enormous demands on it. Any
problems that arise will thus be solved through technological development” (2004,
p.101). This view is both overly optimistic regarding our ability to manipulate natural
resources with technology (Reid 1995) and also tends to ignore the potential for
negative impacts of technologies on either the environment, the economy or society.

Many authors have questioned whether new technologies are needed at all in the quest
for sustainable development. Proponents of the ‘cultural fix’ argue that “real solutions
will have to come from social and cultural change” (Hoogma et al. 2002, p.3), i.e. by
changing our resource use patterns (see also Beder 1994). This is similar to the
‘stronger’ view of sustainable development outlined by Williams & Millington which
focuses on “changing the demands made on Earth” (2004, p.102) by creating economic
and social systems which are less demanding on the Earth’s resources, which, as we
have become aware, have limited capacity for renewal (Vollenbroek 2002).

2.1.3

The Debate over Sustainable Development

Whilst the Brundtland Report’s definition of sustainable development is still widely
cited, attempts to implement and operationalise it have generated considerable criticism,
debate over its true meaning, and over 200 alternative definitions (Parkin, Sommer et al.
2003). In this section some of the criticisms levelled at the concept will be explored,
along with the moves towards resolution of the debate.

6

The first common theme that has emerged in the criticism of sustainable development
relates to the ‘operational’ currency of the WCED definition. Spangenberg has
described it as being “too vague to provide any operational value” (2001, p.26), and
others have expressed similar concerns (Renn et al. 1998; Parkin, Sommer et al. 2003;
Sahely, Kennedy et al. 2005). Beckerman argues that “the injunction to enable future
generations to meet their needs does not provide any clear guidance as to what has to be
preserved in order that future generations may do so” (1995, p.128), and there is also no
clear definition of the time scale for which choices should be made.

However, given the broad scope of the WCED’s work, it seems unlikely that the
definition most commonly cited was ever intended to provide ‘operational value’, or to
dictate the terms which should be applied to every project launched in the name of
‘sustainable development’. Rather, it gives an insight into the over-arching ideology
behind the Brundtland Report and should be viewed as part of this larger whole.
Giddings et al. argue that the vagueness of the definition in the Brundtland report was
intentional and aimed to gain widespread acceptance (2002, p.188). It seems more likely
to be the need for wide applicability of the concept that resulted in the lack of detail for
which it is criticised. One suggestion which is commonly adopted to deal with these
criticisms is the adoption of sustainability criteria “to make the concept of sustainability
more operational and practically useful” (Hellstrom et al. 2000, p. 315). This is explored
in more detail later in this chapter.

The second theme to emerge in criticisms of the WCED’s definition of sustainable
development has been its subjective nature. Beckerman (1995) recognised the highly
subjective nature of the ‘needs’ referred to in the definition and pointed out that needs
will vary considerably between countries and cultures. Whilst it has been noted that the
Brundtland Report does in fact specify the needs of the world’s poor as being those to
which priority should be given, the quest for sustainable development is not limited to
developing countries and thus the needs to be considered in its application to a variety
of different situations must be defined.

It has also been recognised that “needs reflect a socially determined minimum quality of
life” (Dudley 1993, p.113) which are not universal nor constant, but rather relative and
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dependent on the context in terms of both time and space. This point will be of
particular relevance in this research. As Pretty (1995, p.1248) notes: “it is important to
clarify what is being sustained, for how long, for whose benefit and at whose cost, over
what area and measured by what criteria”. It seems likely that achieving such clarity
will not be easy. Hawkins & Shaw (2004) are also critical of the subjectivity of the
definition, but their focus is the word ‘development’, which can indeed mean a variety
of different things to different people and whose meaning has been the topic of similarly
vast amounts of debate. Again, local interpretations of ‘development’ are likely to be
the way forward in realising sustainable development.

The next theme that has emerged is criticism of the perceived emphasis of the term on
economic growth (Kirkby et al. 1995). Beder cites environmentalist’s concerns that
sustainable development is a minimalist approach that “seeks to change the nature of
economic growth rather than limit it” (1993, p. 33). Interestingly, this environmentalist
versus economist viewpoint correlates well with the interpretations of the phrase by the
global ‘North’ and ‘South’ described by Spangenberg (2001). He claims that in the
North sustainable development is viewed as “one more new environmental concept”
(2001, p.24) whilst in the South it is seen as a mode of economic development. Yet it
could be argued that if the nature of economic growth can be changed, there is not
necessarily a need to limit it. The concerns raised by environmentalists have perhaps
arisen as result of attempts to implement sustainable development which have resulted
in neglect of environmental and / or social concerns at the expense of economic growth.
This relates to the way in which projects are tackled rather than a problem with the
definition per se. This emphasises the need for achieving a genuine consideration of all
three aspects of the triple bottom line.

Not all of the debate over ‘sustainable development’ has been critical. Many authors
have seen its subjectivity, contested nature and context-specificity as positive attributes
(see for example Renn, Goble et al. 1998; Scott et al. 2000; Mog 2004). The process of
debate and discussion the topic generates can be considered useful if it engages the
public to both think about and put into practice what they see as sustainable
development (Renn, Goble et al. 1998). Laws et al. recognise that such debate allows
society “to decide for itself what content it wishes to give to the term and how this
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should begin to transform its own practices” (2004, p.249). This approach allows the
concept of sustainable development to be grounded in the reality of the group
concerned, such as resource users (Marschke & Berkes 2005).

Others have also made the point that the lack of a concrete definition should not be of
concern, but rather recognised as a process of debate or social learning (Johnson &
Wilson 2000; Scott, Park et al. 2000). These arguments relate well to the Local Agenda
21 processes which attempt to ensure sustainable development efforts relate to local
conditions and realities, and include community members in defining sustainability.

2.1.4

Conclusion

To conclude this brief examination of sustainable development it is worth revisiting and
summarising the important points that have emerged. Firstly, since its emergence in the
late 1980s, sustainable development has gained widespread international support across
a number of sectors as a means of incorporating environmental concerns into activities
relating to social and economic development. A consideration of each of these aspects
has become a critical part of assessing to what extent any initiative is a ‘sustainable
development’.

Secondly, exactly what is meant by sustainable development remains a contested
concept even after twenty years of academic and practical activity in the field. The
answer to this question will always be dependent on the context in which it is being
asked, highlighting the importance of determining sectoral and local definitions of
sustainability, with the active participation of community members whose actions will
influence sustainability outcomes. With these two points in mind, the next section of
this review examines the application of sustainability to water and wastewater systems
in a range of settings.
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2.2 Sustainability of Water & Wastewater
Systems
Fresh water for drinking is an extremely limited resource and thus the sustainability of
water systems throughout the world is of considerable importance, and has been the
subject of a great deal of research. The need to treat and dispose of wastewater is also a
key issue in global sustainability because of the magnitude of waste created on a daily
basis and the health and environmental implications of not dealing with it.

The nature of water and wastewater systems vary tremendously – from highly
sophisticated centralised water purification and wastewater treatment plants serving
cities of millions to simple hand pumps and pit latrines serving small villages. As
highlighted previously, what sustainability will mean in relation to water and
wastewater systems in these different situations will vary tremendously depending on
local resources, conditions and challenges. This point notwithstanding, sustainability as
it applies to water systems is often conceptualised on a triple bottom line basis. Others
have added additional dimensions as they see fit, and these are described below.

2.2.1

Centralised Systems

The American Society of Civil Engineers (ASCE) has defined sustainable water
resource systems as:
“… those designed and managed to fully contribute to the objectives of society, now
and in the future, while maintaining their ecological, environmental and
hydrological integrity” (ASCE 1998, p.44).

This is still one of the most widely accepted views of sustainable water systems
(supported for example by Loucks et al. 2000) and has a strong social and
environmental focus.

Howard (2002) takes a different view of sustainable development in relation to water
systems, with a focus on risks. He argues that risk-based sustainability has three
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components in water management: probability of water shortages, costs when shortages
are encountered and the level of acceptability of the risks. A sustainable water system is
thus one that “maintains acceptable risks over an indefinite time period” (Howard 2002,
p.309).

The meaning of sustainable development in the Dutch drinking water sector has also
been examined (Klostermann & Cramer 2006). Interviews and group meetings with
participants from four water companies were carried out to examine how perceptions of
sustainability differed between the organisations. It was found that three of the four
organisations subscribed to the ‘weak’ or human-centred view of sustainability, whilst
the other developed a view that bridged the ‘weak’ and ‘strong’ views of sustainability.
All companies viewed sustainability “as a concept that was in their own interests to
use”, but they had developed their own versions of what sustainability was. The point is
made that:
“Sustainability has a broad and multifunctional meaning, and every organization and
person needs to apply it to his or her own situation. In this process, people use their
own frameworks of reality, and because the frameworks differ everyone comes to
different conclusions. This is clearly illustrated by the case studies, in which four
companies with the same end product, within the same legal boundaries, come to
four different conclusions about what is sustainable.” (Klostermann & Cramer 2006,
p.275).

In Australia, the need for a ‘consistent definition’ of sustainability in water policy has
been argued by Hurlimann, with ‘ecologically sustainable development’ suggested as an
appropriate definition i.e. development which sustains the natural environment and
promotes social equity (2007, p.15). It is also recognised that there is a need for criteria
against which water sustainability assessment can be carried out. Consultation and
public participation have been identified as important components of any sustainabilityoriented process. The process of decision-making in relation to water policy in urban
areas was examined via two case studies – water recycling in Toowoomba and
desalination in Sydney (Hurlimann 2007). In the former, vocal community opposition
led to a ‘no’ vote in a referendum on the topic. Current work being undertaken by the
Australian Water Association (AWA) is attempting to guide the water industry as to
how sustainability assessment should be carried out.
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2.2.2

Decentralised Systems

Much of the literature relating to sustainability of decentralised water and wastewater
systems has emerged from the development sector, and has a focus on village or
community-based water and sanitation systems in rural or remote areas. Decentralised
options have recently started to attract attention as viable alternatives in developed,
urban settings as well.

Davis and Brikké (1995), writing about small water supply systems, defined a drinking
water supply as sustainable if:
•

The water consumed is not over-exploited but naturally replenished
(environmental sustainability);

•

Facilities are maintained in a condition which ensures a reliable and adequate
water supply (technical sustainability); and

•

The benefits of the supply continue to be realised over a prolonged period of
time (social sustainability).

There is no specific reference in their definition to the economic or institutional
dimensions of sustainability, although the latter could be argued to be incorporated in
the last point.

A joint United Nations Development Program (UNDP) – World Bank review of twenty
years of water and sanitation projects (Black 1998) makes the important observation
that there is no ‘one size fits all’ approach to be found for water and sanitation
programs, and no definitive answers as to ‘what works’. Sustainable water and
sanitation systems will always be context-dependent. Various ideological approaches,
from the ‘appropriate technology’ movement through to more recent economicallyfocused views of sustainability based on cost recovery, at least for operation and
maintenance, have failed to solve international water and sanitations shortfalls. Katz &
Sara (1997) explored systems in six countries and found that critical factors in the
sustainability of rural water supply included a demand-responsive approach, creation of
a formal body to manage the water system and training of household members.
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Parry-Jones et al. (2001) found a wide range of definitions for sustainability relating to
water supply projects, but concluded that the most frequently recurring core issues in
these definitions were:
•

Minimal external assistance in the long term (institutional sustainability);

•

Financing of regular operation and maintenance costs by users (economic
sustainability); and

•

Continued flow of benefits over a long period (social sustainability).

Examining the sustainability of hand pump projects in Africa, Harvey & Reed (2004)
have borrowed elements of Davis & Brikke’s earlier work (as described above) to
define a water source as being sustainable if:
“… the water sources are not over-exploited but naturally replenished, facilities are
maintained in a condition which ensures a reliable and adequate water supply, the
benefits of the supply continue to be realized by all users indefinitely, and the
service delivery process demonstrates a cost-effective use of resources that can be
replicated” (Harvey & Reed 2004).

The diagram in Figure 2 has been proposed as a framework for sustainability for water
and sanitation services. It includes the conventional ‘triple bottom line’ concerns and
adds technical and institutional dimensions to these systems. The authors define
sustainability of water and sanitation systems as those which function satisfactorily for a
long period of time and which are used for promotion of health in an environmentally
sound manner (Mukherjee & van Wijk 2003, p.3).

Technical considerations are certainly important in the sustainability of water and
wastewater systems. Whether high- or low-tech, such systems will involve the use of
technologies to achieve their stated goals and it is critical that those technologies
operate sustainably. Institutional factors, which often influence how water systems are
regulated, managed and run, also play a critical role in determining the sustainability of
water and wastewater systems. As with technologies, institutions may take many
different forms.
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Figure 2. Five dimensions of sustainability for water and sanitation services (Mukherjee & van
Wijk 2003, p.3)

2.2.3

Common Points

Using the five dimensions from Figure 2, the common points that have emerged from
the literature on water and wastewater systems sustainability are:
•

Environmental – the source must not be exploited and it must be naturally
replenished. No damage to the environment should be done by either water
extraction or wastewater disposal. The availability of sources for long term use
(inter-generational equity) is important.

•

Technical – water and wastewater systems must be reliable, adequate, efficient,
last for their design life, with rare breakdowns and rapid repairs that can be
carried out with minimal external assistance.

•

Social – water and wastewater systems should deliver benefits to all users over a
prolonged period; contribute to societal objectives and good health. Water
should be used efficiently and the systems should be able to be maintained
without external support to deliver the desired service level.

•

Economic – local financing should cover operation and maintenance of the
systems, with limited or no external support and cost-effective use of resources.

•

Institutional – water and wastewater systems facilities must be managed so as to
be maintained and to meet societal objectives, within the level of external
support provided. They should be regulated to protect human health.

14

Even with these common points as a basis, conceptualisations of water and wastewater
systems sustainability will still be contextual. There can be no ‘one size fits all
approach’, as it must reflect the reality in which decisions are being made. This leads to
the first research question:

What do sustainable water and wastewater systems
look like in remote Australia?

2.3 Water & Wastewater Systems in Remote
Australia
The majority of Central Australia is classified as ‘very remote’ by the Australian Bureau
of Statistics (ABS), as shown in Figure 3. This classification is based on a calculation of
the distance by road to major service centres, and very remote areas are classified as
having “very little accessibility of goods, services and opportunities for social
interaction” (Commonwealth Department of Health and Aged Care 2001). Only 0.9% of
Australia’s population lives in such areas, and a high proportion of this remote
population is Indigenous (ABS 2004). There are an estimated 1030 small Indigenous
communities in ‘very remote’ Australia (ABS 2002).

There are also a number of roadhouses, which sell fuel and often also food to travellers;
farms, which are predominantly for beef cattle but also in some cases for crop
cultivation; and small towns which act as service and administrative centres for
surrounding farms and Indigenous communities.
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Figure 3. ABS classification of remoteness areas in Australia

Water is of interest in these contexts in Central Australia due to the low rainfall received
(Figure 4), the high number of hours of average daily sunshine (Figure 5), and reliance
upon groundwater accessed through bores as a water source.

Figure 4. Average annual rainfall in Australia (BOM 2003)
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Figure 5. Average daily hours of sunshine (BOM 2000)

The dependence on groundwater means that the quality of that groundwater is very
important. Groundwater quality in Central Australia is variable, but salinity and
hardness are commonly reported problems. Salinity can reduce the palatability of water
and reduced water consumption may lead to health problems such as dehydration,
kidney dysfunction, and hypertension (Willis et al. 2004). High levels of hardness
(calcium carbonate – CaCO3) can also affect the palatability of water, and lead to
mineral build-up which blocks pipes or reduces flows.

As noted above, other water sources such as rivers or rainwater are accessed when
possible, and some communities are connected to a town water supply which is treated
and purified to meet the Australian Drinking Water Guidelines (ADWG), which are
prepared by the National Health and Medical Research Council (NHMRC). However,
when alternative water sources are not available the consumption of poor quality
groundwater can have significant negative health effects. The latest (2004) version of
the Guidelines provides guideline values for indicators of water quality, but
distinguishes between health and aesthetic guidelines, and emphasise that community
consultation should occur to establish agreed levels of service (NHMRC 2004).
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Accepting that the health and aesthetic based guidelines set down in the ADWG are a
good starting point for discussion of suitable chemical and physical quality of water,
values for selected parameters are outlined in Tables 1 and 2.

Table 1. Health-based Guidelines for Selected Water Quality Parameters (NHMRC 2004)
Parameter

Health Guideline

Possible Health Effect

(mg/L)
Arsenic

0.007

Can lead to skin lesions, vascular disease, nervous system
effects and is considered carcinogenic.

Fluoride

1.5

> 1.5 mg/L can cause dental fluorosis.
> 4 mg/L can cause skeletal fluorosis.

Lead

0.01

Can affect central nervous system, cause kidney damage,
interfere with production of red blood cells.

Manganese

0.5

Health effects are uncertain.
May cause aesthetic problems at >0.1mg/L.

Nitrate

50 (children <3 months)
100 for others

Reduction to nitrite can contribute to
methaemoglobinaemia.

Sulfate

500

>500mg/L can have purgative effects.

Uranium

0.02

Can lead to kidney inflammation and may be a cancer risk.

Radionuclides

1.0mSv

Health effects are uncertain.

Table 2. Aesthetic Guidelines for Selected Water Quality Parameters (NHMRC 2004)
Parameter

Aesthetic

Possible Aesthetic Effect

Guideline (mg/L)
Hardness (as

200

CaCO3)
Iron

200-500 mg/L CaCO3 increasing scaling problems.
> 500 mg/L CaCO3 severe scaling.

0.3

High concentrations stain laundry and fittings. Iron bacteria
cause blockages, taste / odour and corrosion.

pH

pH 6.5-8.5

< 6.5 may be corrosive.
> 8 progressively decreases efficiency of chlorination.
> 8.5 may cause scale and taste problems.

TDS (Total

500

Dissolved Solids)
Turbidity

>1000mg/L may be associated with scaling, corrosion and
unsatisfactory taste. Could contribute to dehydration.

5 NTU

Makes water appear muddy or milky. May also affect
disinfection and mask the presence of micro-organisms.
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The main service provider in the Northern Territory (NT) is Power and Water
Corporation (PWC). PWC provides power, water and sewerage services to large cities
in the NT (such as Alice Springs and Darwin) and a number of smaller towns and
Indigenous communities.

For those not living in or close to an area serviced by PWC, essential services such as
water, wastewater and power are ‘self managed’ in many small remote settlements. This
means that the provision of those services is the responsibility of those at the site. For
farms and roadhouses this will typically be the site manager, who may employ
maintenance staff with specialist expertise. The nature of the water and wastewater
systems at these sites is further explored in the scoping study described in Section 4.1.1
as there is not a great deal of literature available about the systems such sites. They
typically involve a groundwater bore or rainwater tank as the drinking water supply,
stored in an elevated tank to provide pressure to the system. The wastewater system is
typically based on septic tanks, either single or in combination.

In the case of small Indigenous communities and outstations, essential services are
typically managed by a community-based organisation such as an outstation resource
agency or community council. There are a number of issues that are unique to the
provision of water for Indigenous communities, which have been the subject of
considerable study in the past. These are explored in detail below.

2.3.1

Water & Sewerage for Remote Indigenous

Communities
Data on essential services in remote Indigenous communities across Australia is
available from the Community Housing and Infrastructure Needs Survey (CHINS),
which was most recently carried out in 2006. This survey found that 68% of Indigenous
communities with a population of less than 100 people use bore water for their supply.
15% are connected to a town supply and the remaining 17% rely on rainwater tanks,
rivers, reservoirs, wells, springs or carted water. 1% reportedly have no organised water
supply (ABS 2007).
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In the area of sewerage treatment for communities with less than 100 people, the
predominant method is septic tanks used by 71% of communities. 7% are connected to a
town sewerage system and the remainder use pit toilets, community water-borne or
other systems (ABS 2007).

The importance of an adequate potable water supply to sustain small Indigenous
communities and outstations has been highlighted in a number of policy documents.
The most recent of these is the Community Housing and Infrastructure Program (CHIP)
E-Sub Program Guidelines 2006-07, issued by the Department of Families, Community
Services and Indigenous Affairs (FaCSIA). These guidelines continue the moratorium
on funding new homelands and outstations developed under the now-defunct Aboriginal
and Torres Strait Islander Commission (ATSIC), and state that in the case of existing
homelands and outstations:
Applicants will be required to demonstrate that there is an adequate supply of
potable water, taking into account the quality and quantity of water available, and
the anticipated population and life expectancy of the proposed developments (FaCS
2005, p.6).

The ADWG provide a framework for water quality management based on a preventive
risk management approach (NHMRC 2004), which is perceived to be of benefit for
small water supplies as it places less emphasis on water quality testing. The
applicability of this approach for self-management of water supply has been
investigated in 5 remote Indigenous communities (Grey-Gardner 2005; Grey-Gardner
2008). It was found that the risk management approach is suited to such communities,
and the use of the Community Water Planner which accompanies the ADWG assists
communities in understanding the principles of risk management. However it was also
found that considerable capacity still needs to be built around risk management in terms
of support agency staff. Additionally, the study found that ‘the legacy of decision
making external to the residents of a settlement has disabled initiative in Aboriginal
settlements – despite the existence of significant local skills’ (Grey-Gardner 2008), and
this legacy must be overcome by projects which involve local participants and aim to
achieve benefits they desire.
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Shortfalls in the process of testing outstation community supplies have been recognised,
for example in the Northern Territory, which is home to over 500 communities or
outstations of less than 50 people (ABS 2002). Whilst testing in larger communities is
carried out by PWC, in conjunction with the NT Department of Planning and
Infrastructure or ‘DPI’ (Department of Planning and Infrastructure 2006), smaller
communities and outstations are still the responsibility of the Commonwealth:
Although the Territory conducts regular water quality testing of the Indigenous
communities for which it is responsible, and takes steps to manage water quality
issues, it is believed that no such water testing is carried out in outstations. This
could leave the Commonwealth liable under its duty of care responsibilities (Dillon
2003, p.2).

In reality this means that outstation resource agencies, formerly funded by ATSIC and
now by FaCSIA, often take up the responsibility (Grey-Gardner & Walker 2002). Such
agencies are often funded in short-term cycles, leading to difficulties in planning for
future developments (Altman et al. 1999). They may also suffer from a lack of resources
(human, financial and technical) and struggle to attract suitable staff. A scoping study of
12 outstation servicing agencies spread across Western and South Australia (WA and
SA), the NT, New South Wales and Queensland found that full cyclical maintenance
programs were rarely delivered, with ad hoc maintenance usually carried out instead
(Anda & Dallas 2005).

Regardless of who is legally responsible for the water supplies to outstations, the
practical difficulties of testing groundwater quality in remote areas are considerable,
particularly in getting samples for microbiological analysis to a laboratory in time
(Bailie et al. 2002). Some parameters can be tested on-site, but for a comprehensive
analysis of water quality parameters laboratory equipment is required. It has also been
noted that even where data does exist, communities may find it difficult to access
(Grey-Gardner & Walker 2002).

Some attempts have been made to investigate the quality of groundwater supplies to
remote communities. A comprehensive program to test bores was carried out in 1999
throughout the Anangu Pitjantjatjara Lands in South Australia (SA), home to 8 major
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communities and 70 outstations (Fitzgerald et al. 1999). A number of water quality
issues were highlighted by this report. It was found that of around 120 production bores,
approximately half were below the TDS guideline associated with unsatisfactory taste in
Table 2 (Fitzgerald, Cunliffe et al. 1999). Elevated levels of nitrate and fluoride were
found in some bores, as well as iron and sulphates and “significant concentrations of
other minor elements potentially deleterious to health occur in some groundwaters”
(Fitzgerald, Cunliffe et al. 1999, p.6). Some evidence of levels of radio-nuclides
exceeding the guidelines was also found. The report’s authors noted:
We consider that there is a need to improve the quality of community water supplies
and to implement an ongoing water quality monitoring program in this region to
protect people’s health (Fitzgerald, Cunliffe et al. 1999, p.6).

As the debate over the ongoing viability of remote outstations continues, the issue of
groundwater quality and management is likely to receive increasing attention. There are
a range of water management practices which can and are already being used in some
remote communities to overcome recognised shortfalls in water quality, such as dual
supplies (e.g. utilising rainwater as a potable source and bore water for non-potable
use), ‘shandying’ of poor quality bores with better quality ones to reduce quality
problems, community water planning and the adaptation of the risk management
framework described above. However, for sites in arid regions with limited rainfall (or
with limited physical infrastructure to harvest rainfall) whose only available potable
source is poor quality ground water, the use of technologies capable of purifying that
ground water to a potable standard could offer significant potential to improve the
settlement’s overall viability and sustainability.

Previous investigations into the use of technologies for water quality improvement in
remote Indigenous communities have highlighted a number of non-technical issues
which should be taken into account in considering the deployment of new technologies.
The key documents to consider are the ‘Water’ Report (Federal Race Discrimination
Commissioner 1994) and the ‘Water Report Review’ (Aboriginal and Torres Strait
Islander Social Justice Commissioner 2001).
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The ‘Water’ report noted that the health benefits which could be expected to flow on
from the introduction of water purification or treatment technology are not always
delivered, and indeed that the introduction of such technologies can lead to social
tension. The 1994 Water Report stated, in relation to the implementation of a reverse
osmosis unit in an Indigenous community in Yalata (SA), that:
The provision of elaborate technology and resultant treated water do not
automatically contribute to improved quality of life or improved health. Many
people from Yalata are attempting to move back inland to communities with less
adequate water supplies than those at Yalata. Many Aboriginal people complained
that they get sick from the treated supply and therefore rely on rainwater. This leads
to social problems in times of reduced rainfall as they attempt to obtain water from
other people's rainwater tanks. Rainwater tanks are predominantly located at houses,
the majority of which are occupied by non-Aboriginal people. These intrusions work
against healthy relationships at Yalata (Federal Race Discrimination Commissioner
1994, p.96).

Whilst the reasons for people getting sick from the treated supply are not elaborated
upon, this example illustrates the importance of considering a community’s preferred
water source during decision-making about technologies. It also demonstrates that
technologies may require careful management to ensure expected benefits are delivered.
The use of reverse osmosis for water treatment in Indigenous communities has been
described as ‘problematic’ by other authors (Yuen et al. 2003) due to its production of
brine (which requires disposal), high energy consumption and issues with maintenance
of reverse osmosis systems.

The improvement of a local water source could also be expected to increase the
independence of a community or outstation by reducing reliance on external water
sources such as water carting or bottled water. Again, some evidence suggests that this
is not the case:
Uncontrolled technical ‘fixes’ have the capacity to hold people in dependent
relationships and maintain poverty and disadvantage. To date, the push to use or
introduce the latest technical systems and technological advances has been driven by
arguments surrounding health, equity and social justice. Here again, the ideal is not
in question, but the worth of such arguments is based on non-Aboriginal values and
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the implementation has invariably been by non-Aboriginal people (Federal Race
Discrimination Commissioner 1994, p.120).

This statement is an important recognition of the need for Aboriginal values to be taken
into account when making decisions about technologies. A similar finding was made in
the Water Report Review, in relation to the complexity of technologies used and their
ability to increase rather than decrease dependency (Aboriginal and Torres Strait
Islander Social Justice Commissioner 2001).

2.3.2

Comparison to International Setting

The remote parts of central Australia are unlike those anywhere else in the world, by
virtue of their unique population, arid climate and other environmental and social
conditions. Nonetheless, it is worthwhile considering the water and wastewater systems
found in other parts of the world for comparison.

The Gaza Strip in Palestine is an area of considerable political complexity. It is an arid
to semi-arid coastal region with high population density and a total population of around
1.2 million people. Groundwater drawn from an overstressed coastal aquifer which is
fast becoming saline is the main water source (Assaf 2001). Desalinated groundwater is
a primary source for the population. Whilst the population density is much higher than
that found in remote Australia, an estimated 17% of households have small RO units to
improve water quality out of the tap (Al-Agha & Mortaja 2005). The brine from these
units is discarded down the sewer which creates an additional loading on the system.

There are also reportedly a number of small desalination units which are operated
privately or by non-governmental organisations. The water from these units is
distributed by tankers to filling points where residents can bring a container and fill up
(Al-Agha & Mortaja 2005). However, the brine is often discharged either on the ground
or to sewer. The former can cause increasing salinity problems for the existing aquifer
(Assaf 2001) and the latter can overload the sewer system.
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It is reported by Bahri (2008) that 65% of the households in the Gaza Strip are
connected to the sewer system with the remainder relying on cesspits or being without
sanitation facilities. Large volumes of untreated sewage are disposed to the sea and only
5% of municipal wastewater is treated (Bahri 2008). Where treatment does occur, it is
mostly in aerated lagoons with polishing ponds.

2.3.3

Conclusion

There are a range of water and wastewater systems in remote areas of Australia and a
range of people who look after them. There are unique features of these systems when
the technical, environmental, cultural factors are considered that make them unlike
systems elsewhere in the world. This leads to the second research question:

How do different people in remote Australia conceive
sustainability differently in relation to water and
wastewater systems?

2.4 MultiMulti-Criteria Assessment
Multi-criteria assessment (MCA) is commonly used to assist in decision-making in
situations where a solution is to be selected on the basis of more than one criterion. It is
widely practised in an informal sense in making day-to-day decisions. In a more formal
setting, it is used to help structure problems and to make transparent the basis upon
which a solution will be chosen. Belton & Stewart state that the main goal of MCA is:
“… to help decision makers learn about the problem situation, about their own and
others values and judgements, and through organisation, synthesis and appropriate
presentation of information to guide them in identifying a preferred course of
action” (2002, p.5)

It will be used in this research to explore the factors which feed into selections of
technologies in remote water and wastewater systems, to structure the technology
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choice process and to determine which technology is most likely to be sustainable when
used as part of a water or wastewater system in remote Australia. This is a ‘discrete
choice’ MCA i.e there are a finite number of technologies to be chosen between.

2.4.1

Methodology

The basic methodology for MCA, as described by Belton & Stewart (2002) is as
follows:
1. Identifying alternatives – options to be compared by the MCA process.
2. Identifying criteria – desirable characteristics on which the decision will be based.
3. Identifying stakeholders – who have an interest in the outcome of the decisionmaking process.
4. Weighting criteria – determining the relative importance of each criterion, with
input from stakeholders.
5. Scoring alternatives – assessing the performance of each alternative against each
criterion, and assigning a score to it.
6. Determining overall outcome – by combining the scores for each alternative with
the weightings for the criteria.

There are a wide range of MCA techniques in use, ranging from fairly simple methods
which can be carried out using a spreadsheet alone, to more complicated techniques
which use outranking to determine relative performance and which may require
specialist computer programs. An example of the former is a simple additive model and
examples of the latter include PROMETHEE (Preference Ranking Organisation Method
for Enrichment Evaluations) and ELECTRE (Elimination and Choice Expressing
Reality).

An Australian analysis undertaken to compare different MCA techniques in the context
of water resource management found that the there was a high level of agreement
between the different techniques (Hajkowicz & Higgins 2008). Six case studies were
compared using 5 different MCA methods, including linear additive (also referred to as
weighted sum), outranking and compromise programming. The authors concluded that
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selection of MCA technique is less important than how the decision problem is
structured.

In the case of this research, the exploration of sustainability which will be undertaken
prior to the MCA process is a critical part of the problem structuring, as is gaining input
from different user groups as to the weightings of different criteria. It will involve the
selection of a preferred technological option defined range of choices, in which case the
linear additive model is recommended (Belton & Stewart 2002). This is the method that
will be used for the MCA stage of this research.

2.4.1.1

The Linear Additive Model

The Linear Additive Model (LAM) determines the ‘value’ associated with each
alternative based on the following equation (Belton & Stewart 2002, p.86):
m

V ( a ) = ∑ wi vi (a )
i =1

Where: V(a) is the overall value of alternative a
vi(a) is the value score of a’s performance against criterion i
wi is the weight assigned to reflect the importance of criterion i
The linear additive model can be used where criteria are independent of each other and
it allows for each option’s performance to be described by a single score for
comparison.

2.4.2

Use of MCA to Assess Water & Wastewater

Systems Sustainability
MCA is well-suited to assessing sustainability-related problems because of its ability to
combine objectives and allow for comparison of options across a range of criteria. It has
been noted that in engineering:
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“… the sustainability paradigm is generally viewed as a multi-objective optimisation
problem ... There is no doubt some objectives are conflicting and trade-offs are
required” (Sahely, Kennedy et al. 2005, p.74).

In particular, criteria are often grouped into economic, social and environmental
categories to reflect the ‘triple bottom line’ view of sustainability. This may or may not
be accompanied by an equal weighting for each category. The usefulness of applying
MCA to sustainability problems in the water sector was flagged by the ASCE in their
exploration of sustainability criteria for water resource systems:
“… because sustainability is a function of various economic, environmental,
ecological, social and physical goals and objectives, analyses must inevitably
involve multi-objective tradeoffs in a multi-disciplinary and multi-participatory
decision-making process… ” (ASCE 1998, p.iv).

Both the water and wastewater sectors have made extensive use of MCA in finding
solutions to problems with a sustainability focus, for both centralised and decentralised
systems. These two categories are examined separately below.

2.4.2.1

Centralised Systems

Much of the literature relating to centralised, urban systems and the use of
sustainability-oriented MCA has emerged from the Swedish research program
‘Sustainable Urban Water Management’ (Urban Water Management AB 2008). As part
of this project, Swedish researchers developed a framework of sustainability criteria and
indicators to allow for the assessment and comparison of ‘model’ cities under different
urban water management scenarios (Hellstrom, Jeppsson et al. 2000). The approach
included sustainability criteria in 5 categories: health and hygiene, social-cultural,
environmental, economic and functional/technical criteria. Initially a large list of criteria
was developed, but was reduced to only include ‘priority criteria’ determined by the
researchers. These criteria are shown in Table 3, along with their method for evaluation.
Such criteria are suitable for comparison of water and wastewater systems.
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Table 3. Sustainability criteria for comparison of urban water management scenarios (Hellstrom,
Jeppsson et al. 2000)

Lundin and Morrison (2002) focus on environmental sustainability indicators for urban
water systems, citing Lundqvist (2000) in arguing that such indicators are often
developed without a structured framework and may in fact be detrimental to achieving
sustainability objectives. They used life cycle assessment (LCA) in an iterative process
to develop a set of environmental sustainability indicators against which two case
studies in Sweden and South Africa were assessed. From these results, four levels of
environmental sustainability performance were developed as shown in Table 4.

Table 4. Levels of sustainability performance (Lundin & Morrison 2002, p.149)

A multi-criteria analysis of options for wastewater treatment in Sweden has also been
carried out with a sustainability orientation (Palme et al. 2005). In this case, four options
for sludge handling were the subject of a detailed life cycle assessment (LCA),
economic assessment, risk assessment and uncertainty assessment. A multi-criteria
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assessment was then carried out with criteria selected in a seemingly ad-hoc manner.
The economic criteria was total cost to the municipality, and the environmental criteria
were those found to be dominant in the LCA – resources, energy, emissions to air,
emissions to ground. A number of other criteria were then added with no analysis
having been carried out on them – acceptance, reliability of service, working conditions
and hygiene.

The four options under consideration were scored by employees of the utility on a scale
of 1 to 5, with 5 representing excellent performance. They were weighted using the
‘economy’ criteria as a reference, with a weight of 100. Initial attempts to carry out the
weightings as a group were abandoned due to disagreements and instead, individual
weights were averaged to determine the final weightings.

The failure to use categories for criteria led to a bias towards environmental criteria as
there were four of these verus one economic criteria (total cost) and one technical
criteria (reliability). This is an obvious shortcoming for this approach. The criteria
chosen and the performance of three options are shown in Table 5. NB The ‘economy’
figure is given in Swedish Kronor (SEK). 1 Swedish Kronor was, at the time of writing,
worth 15 Australian cents, so 680 SEK equates to just over $100 Australian dollars.

Table 5. Assessment of wastewater treatment options (Palme, Lundin et al. 2005, p. 303)
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Another Swedish research paper on this topic describes a decision support tool for urban
water and wastewater systems (Malmqvist & Palmquist 2005). This also uses criteria
categorised under the following headings: health and hygiene, environment, economy,
socio-culture and technology. It is noted that “… each criterion requires a set of
indicators corresponding to quantifiable facts and figures and qualitative data that make
comparative assessment of different alternatives in the decision process possible” (2005,
p.48). More recent research carried out into the use of Sustainable Development
Indicators (SDIs) by Swedish water utilities has shown that the indicators are used in
reporting more so than in planning or decision-making, meaning that their actual
contribution to achieving sustainable outcomes may be limited (Palme & Tillman 2008).

Examples from other European countries can also be found. Foxon et al. (2002)
describe the development of sustainability criteria for use by water service providers in
the United Kingdom to incorporate sustainability concerns into decision-making
processes. In this process, the researchers developed an initial set of criteria across four
categories: social, economic, environmental and technical, shown in Table 6 below and
Figure 6 over the page. The results in Table 6 are generic criteria, not all designed to
apply in every situation but rather for relevant criteria (which can be applied to all of the
options under consideration) to be selected depending on the circumstances. These
criteria were presented to industry practitioners for review and comment and are
reported to have been received positively.

Table 6. Sustainability criteria for water service providers (Foxon, McIlkenny et al. 2002)
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The authors highlight the importance of criteria being comprehensive, applicable to the
decision being made, transparent, tractable and practical. They also note that practical
application of criteria is a process of ‘learning by doing’ and that criteria may have to be
revised or re-defined when they are applied. Differences between sustainability
principles (normative and constant), criteria (factors used to make a judgement) and
indicators (used to measure values of criteria) are discussed (Foxon, McIlkenny et al.
2002). It is noted that principles should remain in place over time whereas criteria and
indicators may change with developments in knowledge.

Figure 6. Structure of sustainability assessment framework for water service providers (Foxon,
McIlkenny et al. 2002, p.293)
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A scenario analysis undertaken for a German case study (Hiessl et al. 2000) used the
Analytic Hierarchy Process (AHP) to compare the relative sustainability of the status
quo, municipal water re-use and local recycling for urban water infrastructure. 44
criteria were developed in the three categories of environment, economy and ecological.
The results showed that the ‘local recycling’ option ranked highest in all 3 categories.

In an analysis of demand management and supply augmentation options for use in the
city of Cape Town (Joubert et al. 2003), an initial ‘problem structuring meeting’
identified five categories of criteria of concern: yield / technology, finance, socioeconomic, acceptance / buy-in and environment. Each option was scored either
qualitatively or quantitatively against the criteria in these categories by an expert group.
Relative weightings for each category were determined by a trans-disciplinary expert
group as per Table 7.

Table 7. Weighting of categories for Cape Town case study (Joubert, Stewart et al. 2003, p.22)
Category

Relative Weight

Yield and technology

0.09

Finance

0.38

Socio-economic

0.15

Acceptance and buy-in

0.23

Environment

0.15

Analysis with equal weight on each of the categories was found to have “only minor
effects”, which were not detailed any further. The ‘acceptance and buy-in’ category was
also excluded on the grounds that public and political attitudes may change with
education, and this indicated that options such as re-use of grey or wastewater, or
different tariff schemes, may have scored higher.

In a Canadian case study, Sahely et al. (2005) developed a set of sustainability criteria,
sub-criteria and indicators for a range of infrastructure systems such as buildings,
transportation and water. The overall criteria (or categories) and sub-criteria were
generic, with specific indicators developed for each type of infrastructure. Both the
generic criteria and the indicators developed for water are listed in Table 8. The criteria
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are categorised by the authors as environmental, economic, engineering and social
(including accessibility, acceptability, health and safety). It is noteworthy that there are
no criteria categorised as “institutional” considered in this article. The only mention of
institutional aspects of water systems is the need for “appropriate regulations and
control mechanisms” to ensure that the indicators of public health protection and
maximised access to the water system are achieved. It is also noted that social criteria
do not achieve a lot of attention in the engineering literature due to their difficulty to
quantify, and multi-disciplinary teams are suggested as a means to overcome this.

Table 8. Criteria and sub-criteria for water systems (Sahely, Kennedy et al. 2005, p.77).
Overall Criteria

Generic Sub-criteria

System-Specific Indicators for Water

Environmental

Resource Use

Construction materials usage
Energy usage
Water usage
Land use
Chemical use

Residuals

Contaminants
Nutrients
Sludge
GHG emissions

Economic

Expenditures and revenues

Capital & operation & maintenance costs
Service fees (cost / household)

Investment in innovation, research

Expenditures in research & development,

and development

technology change
Reserve funds

Engineering

Performance (function)

Flow rate-pressure
Service interruptions

Engineering

Performance (continued)

(continued)

Fire flow
Storage
Leakage

Social

Accessibility

Access to potable water & sanitation services

Health and safety

Water quality

Acceptability

Public participation
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These criteria were then applied to a case study of Toronto’s urban water system, to
assess current performance against sustainability indicators and changes in the system
over time. Difficulties in gathering the range of data required to assess and urban water
system were noted, and many other studies are drawn upon for the required information.
Social indicators were not included due to data collection for them being ‘ongoing’, so
only selected environmental, economic and engineering indicators are included.
Nonetheless, the conclusion is reached that the City of Toronto’s system can be
classified as ‘Level B’ sustainability as defined by Lundin & Morrison (2002).

The development and application of a decision support tool called the ‘Urban Water
Optioneering Tool’ (UWOT), which aims to compare water management strategies, has
also been carried out with a sustainability orientation (Makropoulos et al. 2008). The
criteria used in their analysis are shown in Table 9. This tool includes four dimensions
(‘capitals’) of sustainability: environmental, economic, social and technical.

Table 9. Sustainability Criteria used in UWOT (Makropoulos, Natsis et al. 2008, p. 1449)
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In Australia, the application of MCA to solve sustainability problems in the water sector
has not yet been widespread, although sustainability reporting is being used by many of
the larger water utilities. A set of guidelines outlining triple bottom line criteria for
assessment of urban stormwater management measures has been developed by the
Cooperative Research Centre for Catchment Hydrology (Taylor 2005). Weighted sum
multi-criteria assessment is recommended as part of this process after the impact of
each of the options on the criteria determined to be important has been calculated by
combining both the likelihood and performance in a risk-type matrix. It is also
recommended that an ‘intuitive’ ranking be carried out before MCA, to allow for
comparison and revision of the MCA results if there is a significant difference.

2.4.2.2

Decentralised Systems

Whilst much of the literature relating to water and wastewater systems sustainability of
decentralised systems comes from the development field, examples of the application of
MCA to such problems have tended to come from Western countries.

Decentralised water recycling options for urban water systems have been analysed by
Jeffrey et al. (1999) using a multi-criteria assessment which – whilst not explicitly
sustainability-oriented – includes typical triple bottom line assessment criteria such as
cost, public perception, environmental impact and water savings. These criteria are used
to compare the suitability of different technologies for urban wastewater recycling: a
submerged membrane bioreactor (SMBR), a membrane aeration bioreactor (MABR)
and a biological aerated filter system (BAF). Optimum location and economies of scale
were considered in this analysis.

Wastewater systems have been the focus of much of the sustainability assessment
carried out using MCA. A study of such systems carried out in Denmark (Hoffmann et
al. 2000) highlighted the importance of developing and selecting a manageable number
of locally meaningful criteria, evaluating different preference profiles (weighting) and
using assessment methods on practical case studies to further develop assessment
practices. The case study described assessed conventional (centralised) toilets against
two decentralised options – composting and low-flush toilets. There were seven criteria
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used for comparison (from an initial 50 developed at a group meeting), but little detail
was provided about how the performance of each option was assessed against them.

Bradley et al. (2002) performed a sustainability-oriented MCA of on-site wastewater
treatment options for use in the USA, to compare traditional septic systems with textile
filter systems. Criteria falling into the categories of social, economic and environmental
were used to compare the two alternatives. The criteria developed by the authors
address local and global concerns and are listed along with quantifiable indicators
which can be used for comparison. Some examples of ‘social’ criteria are shown in
Table 10. Weighting of criteria was carried out for illustrative purposes only, by ranking
the criteria within each category (1 being the lowest) and then normalising the resulting
scores (as each category had a different number of criteria). The two options were then
scored against each of the criteria, as shown in Table 11.

This paper makes the important point that “…weights reflect the values and unique
circumstances of the subject case, such as the local conditions …” (Bradley, Daigger et
al. 2002, p.93) and must be varied depending on the specific application.
A useful summary of sustainability assessment of wastewater treatment systems is
provided by Balkema et al. (2002). The indicators identified in a review of the
sustainability assessment literature are summarised as follows:
•

Economical – Costs and labour

•

Social / Cultural – Awareness & participation, cultural acceptance, institutional
requirements

•

Environmental – Accumulation, biodiversity, raw materials, heavy metals, use
of chemicals, land area required (and many others).

•

Technical / Functional – Durability, ease of construction, endure seasonal
effects, flexibility, reliability, maintenance, small-scale solutions.

A general sustainability assessment methodology is also proposed. The importance of
defining the system boundaries is noted to ensure that comparisons of different systems
(e.g. centralised versus decentralised wastewater treatment systems) are fair.
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Table 10. MCA Criteria: on-site wastewater treatment (Bradley, Daigger et al. 2002, p.90)

Table 11. Weighting of criteria for MCA of on-site wastewater treatment options (Bradley, Daigger et al. 2002, p.94)
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In an example of MCA applied to water treatment, Elless et al. (2005) carried out an
assessment of phyto-filtration for arsenic removal in New Mexico which included a
comparison to other technologies for the same purpose. This comparison was on the
basis of predominantly technical criteria such as: arsenic removal efficiency,
requirement for pre- or post-treatment (such as oxidation, disinfection or filtration),
operator skill required and optimal pH range. It also included environmental criteria
such as total water loss and waste generated; and economic criteria (centralised cost, on
a scale of low to high).

A study of membrane systems for decentralised water treatment in developing countries
has also been carried out on the basis of sustainability-oriented indicators (PeterVarbanets et al. 2009). The indicators involved included:
•

Performance – microbiological safety of water produced

•

Ease of use – how much labour input was required for daily operation of the
technology

•

Sustainability – whether local production of the technology was possible, use
of renewable energy or chemicals

•

Social acceptability – whether the technology was already in use, or studies
had indicated good social acceptance

•

Costs – initial and ongoing.

The analysis included a solar-powered RO system for brackish water desalination
developed in Australia (Schäfer & Richards 2005). Interestingly, it concluded that “no
small-scale systems could be identified which meet all the requirements for successful
implementation” (Peter-Varbanets, Zurbrügg et al. 2009, p. 245).

Considerable research into the decentralised wastewater systems in urban settings in the
USA and Australia has been carried out by the Institute for Sustainable Futures in
Sydney (see for example Fane et al. 2004; Fane & Fane 2005; Fane et al. 2005; Mitchell
et al. 2008). The focus of the majority of this research has not had a specific
sustainability focus; rather, it examines the use of decentralised systems in urban
settings from an asset management perspective. Nonetheless the research has touched
on many of the sustainability dimensions already mentioned, including institutional
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arrangements (Mitchell, Retamal et al. 2008), technical reliability and life cycle costs
(Fane, Willetts et al. 2004), and “the management of engineering, ecological, public
health, and socio-economic risks” (Fane, Willetts et al. 2005, p.5).

2.4.2.3

Conclusions

There are some common features of MCA as applied to water and wastewater systems,
both centralised and decentralised. The triple bottom line dimensions (economic,
environmental and social) or indicators of those dimensions are a standard inclusion in
sustainability-oriented MCA. Social indicators are sometimes split into two categories,
to distinguish between those which focus on quantifiable outcomes (such as health) and
those which are qualitative in nature (such as public acceptance, buy-in or cultural
factors). The focus of environmental indicators may be global, or local, or a
combination of the two.

More debatable is the inclusion of indicators from other dimensions, such as technical
and institutional. In the water and wastewater systems literature, the inclusion of a
‘technical’ dimension is commonly seen (it may also be referred to as ‘engineering’).
The criteria in this dimension typically focus on the technologies under consideration
and by comparing their reliability, performance, durability and other factors that are
relevant to the local setting. Institutional criteria may be included as a separate
dimension or may be incorporated into the ‘social’ dimension.

In all cases it is important to acknowledge the underlying conceptualisation of
sustainability which is used, as this will shape the MCA process applied and its results.
Relevance of the MCA process to local conditions, in both how sustainability is
conceived and the criteria & indicators that are used, is extremely important. There have
been a range of MCA studies carried out into water and wastewater systems and all vary
slightly in how they are structured, the criteria used and the weightings applied. It is
also important to define the boundaries of the problem and assessment so that a fair
comparison is obtained.
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The terminology used varies – the process may be referred to as multi-criteria analysis,
assessment or decision making (MCDM). And the criteria against which performance of
alternatives is measured may be referred to as objectives, criteria, verifiers or indicators.
To clarify the approach that will be taken in this research, the diagram in Figure 7 is
provided. This ties in with the approach taken by Foxon et al. (2002).

Figure 7. Conceptual framework of sustainability principles, criteria, indicators and verifiers
(Prabhu et al. 1999, p.85)

A summary of the criteria and indicators found in the literature reviewed for this
research is shown over the page in Table 12. As can be seen from the table, there are a
wide range of possible criteria and they need to be chosen based on local conditions,
leading to the next research question:

Using conceptualisations of sustainability as an input,
can a sustainability-oriented MCA framework for
assessment of water and wastewater technologies be
developed?
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Table 12. Summary of the water and wastewater MCA literature

Technical

Criteria
Robustness
Adaptability
Decentralised operation
Safety
Resource use
Local capacity

Social

Community acceptance

Costs
Economic development
Community development

Equity

Health

Institutional

Economic

Environmental

Cultural
Recreational
Impact

Efficiency
Pollution
Water sources
Social
Cost-effectiveness
Overall costs
Other water uses
Cost recovery
Equity
Capacity
Regulation
Health
Equity
Environment

Indicator
Be able to deal with variable loads
Be functional under a range of conditions
Be capable of being changed
Be capable of decentralised operation
Be capable of being operated safely
Optimise resource use in operation
Use local resources in its construction
Be within local capacity to operate and maintain
Be within local capacity to finance
Be within local capacity to manage
Be understood by the community in which it operates
Be suitable to the needs and wants of the community
Be accepted by the community in which it operates
Be convenient & simple for the community to use
Have been chosen via a process that was participatory
Minimise impacts of system failure
Be wanted or desired by the community
Be affordable
Contribute to economic development
Provide a constant and reliable supply of water
Have been chosen by people informed about the decision
Have been chosen via a process that presents alternatives
Contribute to community development
Incorporate quality of life objectives in planning
Contribute to inter-generational equity
Contribute to intra-generational equity
Provide water to all members of the community
Provide a safe source of water to the community it serves
Protect the health and security of those who operate & maintain it
Support the cultural traditions of the community
Preserve recreational uses of water
Minimise the impact upon the local and global environment
Incorporate ongoing monitoring of environmental impacts
Minimise natural resource use in construction, operation &
decommissioning
Not pollute the local environment
Not pollute the global environment
Preserve the local groundwater source
Preserve local surface water sources
Stimulate sustainable water use practices
Be cost effective compared to alternatives
Minimise project costs
Preserve other commercial uses of water
Recover all costs associated with it
Distribute costs equitably
Capacity and ability to finance
Fulfil the regulatory requirements related to that system
Appropriate regulation to protect public health
Appropriate regulation to maximise number of connections or
households served
Regulation to ensure local environment and source are protected
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2.5 Technologies for Remote Central
Australian Sites
2.5.1

Water Purification

As mentioned previously, groundwater is the most common source of water for remote
settlements in Central Australia and is often affected by high levels of hardness and
salinity which can limit the palatability of the water and have negative health impacts.
The focus of this research is therefore upon technologies capable of removing salinity
and hardness (in the form of calcium or magnesium carbonates). The technologies
described in this section are reverse osmosis, slow sand filtration and solar stills.

2.5.1.1

Reverse Osmosis
Osmosis

Reverse osmosis refers to a process by which water is passed through a membrane with
extremely fine pores under pressure. Salts are removed, being too large to travel through
the membrane, and the water molecules can travel through. Reverse osmosis can used
for both seawater, which has total dissolved solids (TDS) concentrations of up to
45,000mg/L, and brackish water, which has salt concentrations of less than 10,000mg/L
(Greenlee et al. 2009). Whilst the TDS of brackish water is typically much lower than
that of seawater, the ratios of calcium to TDS, carbonate to TDS and sulfate to TDS are
markedly higher in brackish water (Greenlee, Lawler et al. 2009). This can cause issues
with membrane fouling, making appropriate pre-treatment critical. Brackish water
applications are those of interest in this research.

The membranes used for brackish water filtration by reverse osmosis have a larger pore
size (closer to a nanofiltration membrane) than the membranes used for seawater
desalination. The membranes considered for reverse osmosis of brackish water would
therefore not lead to complete demineralisation of the source water as monovalent and
some multivalent ions can still travel through the membrane. While the permeate would
be lower in minerals (e.g. calcium) than the initial feed water, there are no health or
aesthetic-based lower limit for minerals specified in the Australian Drinking Water
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Guidelines (Tables 1 and 2). Therefore the water produced by membrane filtration of
brackish water is still considered acceptable for drinking.

The critical performance indicators for an RO process are:
•

Recovery rate – the amount of pure water (permeate) recovered from the total
input to the unit. Recovery rates are typically in the order of 75-90% for
brackish waters, compared to 35-45% for seawater (Greenlee, Lawler et al.
2009).

•

The hydrostatic pressure required to force water through the membrane, which
can be 600-3,000kPa for brackish waters compared to 5,500-8,000kPa for
seawater (Greenlee, Lawler et al. 2009).

Reverse osmosis generates a waste stream known as ‘brine’, which contains the salts
and other constituents filtered out by the membrane. Typical disposal mechanisms for
brine include disposal to surface water, disposal to sewer, injection into deep wells,
evaporation ponds and application to land. Of these methods, evaporation ponds and
land application tend to be better suited to small plants (Jeppesen et al. 2009). The brine
disposal mechanism selected will depend upon local site conditions and brine
composition.

The composition of the brine will in turn be dependent upon the recovery rate of the
membrane and the initial concentration of salts and other contaminants in the water. The
presence of contaminants such as radionuclides or metals can mean that the brine
requires additional treatment before disposal, or special disposal mechanisms (Greenlee,
Lawler et al. 2009).

Small reverse osmosis units for brackish water desalination typically consist of:
•

A pre-filter to remove any impurities from the water which may affect the
membranes

•

A pump to generate the pressure required to pass water through the membrane

•

One or more membranes, which are used to purify the water

•

An outlet point for purified water

•

A waste point for the brine stream
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There are choices available for each of the components e.g. cartridge or membrane pretreatment, high flux or high resistance membranes used etc. Research has been
undertaken into optimisation of RO systems with respect to pre-treatment and
membrane choice to deliver the lowest permeate cost and found that for a case study site
in Israel, lowest costs were achieved with gravity filters and high flux membranes (Oron
& Bick 2000). Such detailed system analysis is beyond the scope of this thesis and ‘off
the shelf’ small-scale desalination units have been considered. There would still be
design choices to be made regarding pre-treatment and brine disposal which would
depend on local site conditions.

2.5.1.2

Slow Sand Filtration

Slow sand filtration is a simple, cost-effective technology used primarily for surface
water treatment in remote and rural areas. Slow sand filtration is effective for removal
of suspended organic and inorganic matter and can reduce the bacteria levels and
cloudiness of source water.

A slow sand filter typically consists of a bed of fine sand approximately 1m deep on top
of a gravel bed and an underdrain system (Salvato et al. 2003). Sand filters should be
constructed in pairs.

Figure 8. Slow sand filter (National Drinking Water Clearinghouse 2000, p.1)
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The benefits of slow sand filtration are as follows (National Drinking Water
Clearinghouse 2000):
•

Low cost

•

Low or no power requirements

•

Little or no chemical use

Possible drawbacks of this technology can be the large amounts of land required and the
need for skilled operators. Slow sand filtration is not effective in removing dissolved
inorganic contaminants such as salts and carbonates from groundwater.

2.5.1.3

Solar Stills

Solar stills are an example of a simple, lower cost technology which can be used for
removal of salts from groundwater. They use the principal of solar distillation to deliver
fresh drinking water from saline sources. The salty source water is placed in basins
covered by a canopy of some type. The water is heated by the sun and the resulting
water vapour runs down the side of the canopy and is collected in a channel. Polyvinyl
chloride (PVC) is often used for the plumbing components due to its low cost and
durability (Aybar 2007).

Solar stills are simple and easy to construct. There are some commercial units available
which are relatively low cost (compared to an alternative such as reverse osmosis). The
water quality improvements generated from solar stills are impressive, with substantial
reductions in components such as total dissolved solids, total calcium, E. coli, fluoride
and iron (Hanson et al. 2004).

However, they have low levels of output and may only produce a few litres of water per
day. They also required a large area to generate their output. They have been used for
drinking water production in emergency or survival situations, as long as areas with
limited potable water and high levels such as solar radiation such as remote parts of
Mexico and India.

Primarily because of their limited output, they are considered

unlikely to be viable at the types of sites under consideration in remote Central
Australia.
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2.5.2

Wastewater Treatment

From the data presented in Section 2.3.1 it is clear that septic tanks are the most
common means of treating wastewater in the areas under consideration in this study
(used in 71% of Indigenous communities with less than 100 people). However, a
number of units are now available which treat wastewater to a point considered suitable
for re-use. The final quality of treated wastewater (and hence possible applications) will
depend on the specific unit and treatment level chosen. The main alternatives for
wastewater treatment are considered below.

2.5.2.1

Conventional Septic Tanks

Septic tanks use the principle of anaerobic digestion to treat wastewater. Septic tanks
usually consist of two chambers – a primary chamber for treatment and a secondary
chamber into which the treated effluent flows to be discharged.

When the wastewater enters the primary chamber, the solids sink to the bottom where
they are digested by bacteria and reduced in volume. Lighter materials such as grease
and oil float to the top of the chamber and form a layer at the top of the effluent.

The treated effluent then flows into the next chamber and is discharged into the soil
where it undergoes further natural treatment processes. The predominant method for
discharge noted in the CHINS survey was leach drains. These are plastic drain pipes
with holes in them out of which the effluent can seep into the surrounding soil.

Septic tanks need to be pumped out (i.e. have sludge and sediment removed) on a
regular basis to ensure that they continue to function normally. The time between pumpout is typically 4 to 8 years. Some strong chemicals can kill the bacteria in septic
systems and their disposal down the drain should be avoided.

Care must be taken to locate septic tanks and leach drains so that they do not
contaminate local groundwater sources or waterways. Septic tanks require space and a
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porous soil to effectively dispose of effluent. The most common cause of failure of
septic tanks is poor suitability of soil and site characteristics (Massoud et al. 2009).

2.5.2.2

Aerobic Wastewater Treatmen
Treatment

As the name suggests, aerobic wastewater treatment units rely on the injection of air
into a tank to encourage decomposition by bacteria. They produce higher quality
effluent than conventional septic systems, and can often operate with a smaller footprint
in terms of the size of drain field required.

Aerobic systems fall into two categories:
•

Suspended growth – Wastewater undergoes aeration to allow bacteria to grow,
suspended in the liquid-air mixture (Jegatheesan et al. 2004). These units
require electricity, regular operation and maintenance to be carried out and can
produce noise and odours (Massoud, Tarhini et al. 2009).

•

Attached growth – the bacteria are attached to a surface to which liquid and air
are applied alternatively. These units tend to have better performance in
capturing suspended solids, have few operational requirements but do require
electricity (Massoud, Tarhini et al. 2009). An example of an attached growth
system is a trickling bed filter e.g. spraying wastewater over crushed rocks,
with bacterial growth occurring on the rock surface (Jegatheesan, Visvanathan
et al. 2004).

The injection of air (requiring electrical power) means that these units typically have a
higher cost than conventional septic systems.

2.5.2.3

Membrane BioBio-Reactors (MBR)

A membrane bio-reactor refers to a wastewater treatment process consisting of
membrane separation along with a suspended growth bioreactor. In an MBR, a
membrane is typically submerged in the bio-reactor. The suspended growth bio-reactor
is a vessel which contains many micro-organisms to break down solids. Effluent is
added to the vessel to create a system of continuous breakdown of waste.
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The porous membranes used in an MBR are used for separation of liquid from solids,
replacing secondary clarifiers (Chapman et al. 2004). Fouling of membranes is the most
common problem affecting the performance of MBRs, and considerable research is
underway into mechanisms to reduce fouling such as the use of draft tubes (Yang et al.
2006).

Overall, MBRs allow for a high level of wastewater treatment to be achieved in a
compact space. They are amenable to remote operation as they do not depend upon
achieving good settleability of sludge (Chapman, Leslie et al. 2004).

The sustainability of membranes for use in wastewater treatment – specifically in MBRs
– has been studied and assessed against the criteria proposed by Balkema et al (2002).
The results are shown in Table 13. Overall performance was assessed as ‘good’, with
the main limitation being membrane fouling (Fane 2007). The need to monitor and
demonstrate the reliability of onsite decentralised systems to help prove their
sustainability has also been noted (Fane & Fane 2005).

Table 13. Performance of MBRs against sustainability criteria (Fane 2007, p.55)
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2.5.2.4

Packed Bed Technologies

Packed bed treatment of wastewater involves effluent trickling through a porous media
in which micro-organisms grow and treat the wastewater. Packed bed filters are often
used after another form of wastewater treatment (e.g. a septic tank) to improve the
quality of outgoing effluent.

2.5.3

Conclusions
Conclusions

There are a wide variety of new water and wastewater treatment technologies available
which can potentially play a role in alleviating some of the difficulties outlined in
Section 2.3. However, choosing the best technology for any situation will depend on
both its performance and the criteria of most importance in that situation. Carrying out
an MCA on the variety of technologies available will help determine which
technologies are best-suited to the conditions, leading to the next research question:

Which technology performs best when the MCA
framework is applied to water and wastewater
treatment technologies for remote Australia?

Combining the MCA results with the overall understanding of sustainability,
recommendations regarding both technology development and implementation can be
made.

What recommendations can be made for technology
development and implementation for sustainable
outcomes, based on the original conceptualisation of
sustainability and the MCA results?
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3 Methodology
There have been three main activities in the methodology for this research, which are
aligned to the five research questions identified in the literature review. The first activity
was a pre-scoping and scoping study in which structured interviews with water and
wastewater systems users and experts at remote Central Australian sites were carried
out. These interviews were used to gather input as to what sustainable water and
wastewater systems look like, and which criteria should be used in the multi-criteria
analysis.

The second activity was the development of the multi-criteria assessment framework for
water and wastewater technologies, and identification of the technologies to be included
in the assessment. A telephone survey of end users was carried out to determine the
relative weightings for different criteria.

The third activity was carrying out the multi-criteria assessment using the framework
developed to assess the chosen water and wastewater technologies, and to make
recommendations for technology development and implementation for sustainability
based on the findings of the MCA.

3.1 Scoping Study
3.1.1

PrePre-Scoping Study

A field trip was undertaken in October 2005 to 6 sites in Central Australia and Alice
Springs, which is a large regional service centre for many surrounding settlements. The
purpose of this trip was to act as an investigative stage for a larger scoping study to be
carried out. The unique nature of remote settlements, as examined in 2.4, meant that a
good understanding of the water and wastewater systems needed to be developed to
ensure the resulting conceptualisation of sustainability and MCA were appropriate for
the conditions on the ground.
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The aims of the pre-scoping study were therefore to:
•

Examine the types of water and wastewater systems and technologies currently
in use in remote Central Australian sites;

•

Gain an understanding of the shortcomings of existing water systems and
technologies; and

•

Explore the size of such systems including their costs and number of people
served.

These aims were achieved through discussions held with the water systems manager at
the 6 sites visited and experts involved in the provision of essential services in Central
Australia. Face-to-face interviews and site visits were considered necessary for this
stage of the research so that rapport could be built with respondents and detailed
information could be obtained (Hoyle et al. 2002). These benefits offset the higher costs
associated with site visits.

3.1.1.1

User Interviews

The six sites visited consisted of two farms (Figure 9), two Indigenous communities,
one roadhouse and one larger town. The first 5 sites were approached on the basis of
their water quality, with input from Northern Territory Department of Natural
Resources, Environment and the Arts (NRETA). The last site (larger town) was in
South Australia and was included for comparison.

Figure 9. The two farm sites visited as part of the pre-scoping study
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At each site the water system manager or person responsible for the water system was
asked questions about aspects of the water system relating to the 5 dimensional model
of water systems sustainability described in 2.3.2 (Mukherjee & van Wijk 2003):
•

Social – the population at their site, fluctuations in population and maximum /
minimum number of people served

•

Financial – the economic activities undertaken at the site, how the costs of the
water system are covered.

•

Technical – the existing water system, water infrastructure present, how
operation and maintenance are carried out.

•

Environmental - the number and quality of sources available, water quality and
quantity (including shortfalls), the environmental conditions in which systems
must operate.

•

Institutional - responsibility for water system management, operation,
maintenance and regulation.

If the relevant person was not available during the visit, a follow-up interview was held
by phone. This was carried out for one of the Indigenous communities. The details of
each site are presented in the next chapter. Due to the preliminary and exploratory
nature of the pre-scoping study, the interviews were not recorded. Rather, notes were
taken during the conversations. The notes were later transcribed, then coded and
analysed using NVivo 8 software (QSR International 2008) as described in 3.1.3.

3.1.1.2

Expert Interviews

‘Expert’ perspectives on water and wastewater service provision were also sought in the
pre-scoping stage, from those working in organisations responsible for service provision
in the NT. The six experts interviewed were representatives from the following
organisations (all based in Alice Springs in the Northern Territory):
•

Department of Families, Community Services & Indigenous Affairs (FaCSIA)

•

Centre for Appropriate Technology (CAT)

•

Bushlight2 – 2 respondents

2

Bushlight is a program which delivers renewable energy systems to remote Indigenous communities. It was
considered relevant to this project as it involves technical services delivered in remote settings.
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•

NT Department of Natural Resources, Environment & the Arts (NRETA)

They were contacted individually and invited to participate. The interviews carried out
with these experts were also open-ended, but again used the 5 dimensional model of
water systems sustainability as a basis. The interviews typically focused on the
provision of essential services (power, water and sewerage) for remote communities,
particularly which programs were successful in delivering sustained services and
shortcomings of existing service provision mechanisms. One of the interviews was
carried out by phone but the rest were face to face. The notes from these expert
interviews were again transcribed and analysed using NVivo 8 software.

3.1.2

Full Scoping Study

The scoping study was a more structured exploration of the issues relating to sustainable
water and wastewater systems in remote communities, which built upon the preliminary
findings from the pre-scoping study. The scoping study was also designed to set the
boundaries for the telephone survey to follow (Hoyle, Harris et al. 2002). The field
work for the scoping study was carried out in Alice Springs, Darwin and at sites
surrounding Alice Springs in May and June 2006.

3.1.2.1

Expert Interviews and Focus Group

Experts were invited to participate on the basis of their experience in essential services
provision in remote settlements. Whilst individual site users have an in-depth
knowledge of their own particular site, the ‘experts’ tended to have an awareness of a
large number of sites across the Northern Territory. The nine experts who took part in
this stage represented:
•

NT Department of Health

•

NT Department of Natural Resources, Environment and the Arts

•

Power and Water Corporation Northern Territory

•

Commonwealth Department of Immigration, Multicultural and Indigenous
Affairs (DIMIA, the successor to FaCSIA)
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•

Outstation Resource Agency

•

Private sector environmental consultant

•

University

The interviews were semi-structured i.e. there was not a strict list of questions to be
answered, but rather a series of topics to explore. These topics included:
•

The fundamental principles (social, technical, environmental, economic and
institutional) upon which a sustainable water system should be based, and how
compliance with such principles might be measured;

•

Participants’ experiences of successful / unsuccessful water systems, the
characteristics of each and the process involved in their choice or
implementation;

•

Shortfalls observed in current water provision mechanisms for remote
settlements; and

•

Participants’ experiences of water filtration technologies and solar power in
remote settlements.

Participants were interviewed in their office or another private space. The interviews
ranged from 30 minutes to 1 hour and 30 minutes in duration. The interviews were
recorded using a digital voice recorder and transcribed. The transcriptions of these
interviews were analysed using NVivo 8 software and the results are presented in 4.2.

3.1.2.2

User Interviews

Users were invited to participate on the basis of their experiences in living and working
at remote sites in Central Australia. Users from different types of sites – farms,
roadhouses and Indigenous communities – were sought so that differences and
commonalities in conceptualisations of sustainable water and wastewater systems could
be explored.

The primary means of questioning was via face-to-face interviews. Again, this
methodology was selected to enable a rapport to be built with users and so that sitespecific aspects of the water systems could be better explored. It also enabled flexibility
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when undertaking the interview, as it meant that other people who were at the site could
participate if they wanted to contribute to the discussion.

Three roadhouses (Figure 10) participated with a single participant at each site. Two
farms (Figure 10) were visited, with four people in total participating in the interviews
at the sites. In the case of Indigenous communities, a focus group was held with a group
of ten Environmental Health Workers (EHWs) who are often responsible for the
operation of water systems in remote communities. A focus group was felt to be
preferable to one-on-one interviews for Indigenous respondents and the group was
facilitated by an Indigenous lecturer in the Environmental Health course the participants
were undertaking.

The user interviews and focus group were also semi-structured i.e. there was not a strict
list of questions to be answered, but rather a series of topics to explore. These topics
included:
•

The fundamental principles (social, technical, environmental, economic) upon
which a sustainable water system should be based, and how compliance with
such principles might be measured;

•

Participants’ experiences of successful / unsuccessful water systems, the
characteristics of each and the process involved in their choice or
implementation;

•

Shortfalls experienced by participants in current water provision mechanisms
for remote settlements; and

•

Participants’ experiences of water filtration technologies and solar power in
remote settlements.

The interviews and focus group ranged from 30 minutes to 1 hour in duration. The
interviews were recorded using a digital voice recorder and transcribed, then analysed
using NVivo 8 software as described in 3.1.3.
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Figure 10. A roadhouse and farm site visited during the scoping study.

3.1.3

Analysis & Presentation of Results

The results from the pre-scoping and scoping studies were analysed using NVivo 8.
NVivo is a software package designed specifically for analysis of qualitative data.

The first step of the analysis in NVivo consisted of coding responses from the prescoping study according to ‘nodes’. A node is a ‘collection of references about a
specific theme’ (QSR International 2008). Individual nodes were created at first then the
second step of the analysis was to categorise them into a hierarchical tree node
structure. Examples of nodes include references to ‘government funding’ or ‘equipment
maintenance’. The results are shown in the next chapter and a screen shot of the NVivo
8 software is shown in Figure 11.

The analysis of the scoping study was then similarly based on ‘coding’ of comments
from respondents using the hierarchical node structure developed as a result of the prescoping study, and adding additional ‘child nodes' where a new topic or theme was
mentioned which has not been raised during pre-scoping. The child nodes were again
categorised under the parent nodes developed in the pre-scoping study. No additional
parent nodes were required to be added.
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Figure 11. Screen shot of Tree Node structure from pre-scoping study in NVivo 8

Once coding had been carried out, all comments for each of the parent nodes were
extracted and analysed to determine:
1. What the different user groups were saying about the economic, environmental,
social, institutional and technical dimensions of sustainable water systems.
2. The drivers of sustainability which were mentioned by different user groups for
each of the dimensions.
3. How the responses related to the literature on sustainable water systems from
the literature review.
4. The aspects of water systems sustainability needed to be further explored in the
telephone survey.

The results of the scoping study are presented in the next chapter by the sustainability
dimension to which they relate: economic, environmental, institutional, social and
technical. From these dimensions, a broad picture of small water systems sustainability
was developed.
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3.2 Development of a SustainabilitySustainabilityOriented MCA Framework for Water &
Wastewater Technologies
Once the scoping study was completed and a broad picture of sustainable water systems
in Central Australia developed, the framework for the multi-criteria assessment of
technologies could be developed.

3.2.1

Identification of Criteria

The responses from the scoping and pre-scoping studies which had been coded as
falling under the ‘technical’ parent node were then re-analysed. The focus for the
second round of analysis was to comprehensively identify all points relating to
attributes of technologies mentioned by respondents.

Similar responses were combined into one attribute wherever possible e.g. respondents
identified both ‘robust design’ and ‘robustness’ as desirable attributes in a technology
and these were combined into a single attribute ‘robust’. The list of attributes mentioned
by each user group and the expert group were then combined, and sorted alphabetically
so that duplicate responses could be removed. The resulting list of attributes is shown in
Table 23 in Chapter 4.

This list still contained over 100 attributes, so further structuring was necessary to
reduce the number of criteria for the MCA to a manageable level. Firstly, the attributes
from the list were further combined wherever possible. For example, the list contained
the following attributes:
•

Deals with fluctuating loads

•

Withstands seasonally variable loads

•

Withstands short term heavy loads

•

Can deal with loads

•

Meets demands of site (load) – short and long term
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These were all combined into a single attribute: ‘deals with variable loads’.

After this process had been carried out, the attributes were also assigned to one of the
five dimensions of sustainability that had previously been explored. Even though all the
attributes had emerged from comments about technologies, some related to community
understanding of technologies (social sustainability) or costs of technologies (economic
sustainability). There was understandably a greater number of attributes relating to
technical sustainability.

The next step of structuring that took place was the creation of a ‘brainstorm tree’, in
which the attributes were organised according to their sustainability dimension. The use
of this tree structure allowed for the separation of attributes into different levels. For
example, there were a number of attributes which fitted under a general heading of
‘maintenance’ so this became a sub-branch of the ‘technical’ branch. The structure of
the brainstorm tree can be seen in Figure 23 in Chapter 4.

The nature of the brainstorm tree was such that it aligned well with the structure in the
sub-branches of each of the sustainability dimensions aligned with the framework
shown in Figure 7. The attributes which were sub-branches of the sustainability
dimensions (principles) equated to criteria, and further sub-branches represented either
indicators or verifiers for those criteria. The resulting 13 criteria for the 5 sustainability
dimensions are listed in Table 14.

Table 14. Sustainability Criteria for Technology Choice
Dimension

Criterion

Dimension

Criterion

Technical

Robust and reliable

Social

Social benefits

Economic

Maintenance requirements

Easy to understand

Operational requirements

Safe to operate

Complete package

Institutional

Government regulations

Demand during busy times

Environmental

Minimal waste

Initial costs

Environmental efficiency

Ongoing costs
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3.2.2

Weighting of Criteria

The 13 criteria did not fall evenly into the 5 sustainability dimensions. One dimension
had only 1 criterion, whilst another had 5. This spread reflected the difference in
importance of the various categories in relation to technology choice which had
emerged during the scoping study – some items were mentioned frequently by a wide
range of respondents, whilst others were of minor concern to only a few respondents.

A weighting of the criteria and of the categories themselves had to be determined. For
the purposes of comparison and to determine the sensitivity of the MCA model to
changes in weightings, four different weightings were used as follows:
1. Weightings based on a telephone survey of technology end users (described
below), normalised to a total of 1 across the 13 criteria. This method was used
to determine the results when emphasis was placed on the unique conditions
faced by different user groups in remote Australia, in line with emphasis on
achieving site-specific conceptualisations of sustainability by varying the
weighting placed on different criteria (Bradley, Daigger et al. 2002). The results
are shown in Table 26 in Chapter 4.
2. Weightings based on the same survey but normalised to 1 and then inverted to
magnify the differences between the criteria. The methodology used to achieve
this is described below and the results are shown in Table 27 in Chapter 4. The
purpose of this weighting method is similar to that of the method above, but
with further exaggeration of differences between user groups by magnifying the
quantitative difference between weightings assigned to criteria.
3. All 13 criteria given equal weight, normalised to 1. This weighting was selected
to explore the results when all of the criteria raised from the scoping study were
given equal importance. This weighting methodology mimics that used by
Palme et al. (2005) which (as noted in the literature review) places a heavier
emphasis on performance in the technical dimension as it has more criteria than
any other dimension.
4. Each sustainability dimension (social, technical, economic, environmental,
institutional) given equal weight which was then divided by the number of
criteria in the dimension. So in the technical dimension, which had 5 criteria,
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the total weight of 0.2 was divided by 5 to give a weighting of 0.04 for each
technical criterion. Alternatively, the institutional dimension had only one
criterion so it had a weight of 0.2 by itself. This weighting was applied to
explore the notion that all the dimensions of sustainability are of equal
importance. This method is similar to that used by Joubert et al (2003) as a
comparison to the weightings that had been determined by experts.

In the latter two cases there was no difference in the weightings between user groups.

3.2.2.1

Telephone Survey

From the literature it was known that it is important to gather the input of those who
will be influenced by the decision analysis in weighting criteria, and it was important in
this process to reflect the reality of technology users ‘on the ground’. A survey of
respondents from within the target user population was designed and carried out.

The user categories targeted by the telephone survey are shown in Table 15. Contact
details were acquired from Northern Territory Pastoral Lease (Northern Territory
Government & Department of Natural Resources Environment and the Arts 2006) and
Communities Listing (Northern Territory Government 2005) ,the White and Yellow
pages telephone directories and the Northern Territory ‘Bush Telegraph’ website
(Northern Territory Government 2007). An advance letter was sent out to the entire
population in every category, informing sites that a telephone survey was to take place
and advising of how they could ‘opt out’ of being contacted. Some of these letters were
returned, indicating sites which had either changed their details or no longer existed.

Table 15. Population details
Category

Total Sites

Letters

Opt out

Returned

Remaining
sites

Farms

84

3

0

81

Roadhouses

16

0

0

16

Indigenous Communities

27

1

0

26

TOTAL

127

4

0

123
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The survey had 5 parts. There were slightly different versions of the survey wording for
the 3 different groups, to accommodate the different nature of the sites which had
emerged in the scoping and pre-scoping study. The full survey script is presented in
Appendix A.

The survey commenced with asking basic details about the site and the population at the
site. The next section asked about the existing water provision system – sources of
potable and non-potable water, and quality or quantity shortfalls.

The third section asked about water, wastewater and energy technologies at the site. A
list was presented based on the results of the scoping study, and included windmills,
solar bore pumps, diesel bore pumps, solar hot water, gas hot water, solar power supply,
diesel generators, rainwater tanks and septic tanks. Respondents were also asked if they
used water purification or recycling technologies.

The fourth part of the survey was rating the 13 criteria on a 5-point scale of ‘not very
important’ to ‘very important’. This was the most critical stage for the purpose of the
multi-criteria assessment and the analysis is described in greater detail below.

The final part of the survey related to respondents’ awareness of technologies.
Respondents were asked if they had or hadn’t heard of a technology, if they had
considered using it or if they had already implemented it. The technologies listed were:
membrane filtration, water softeners, membrane bioreactors, distillation, greywater
recycling, magnetic purification, wastewater recycling and wetlands for water recycling

3.2.2.2

Calculation of Weightings
Weightings 1 and 2

Once the responses for the criteria were obtained, a 9 point scale was applied as per
Table 16. The total number of points scored by each criterion was determined for each
user group. This total was then divided by the number of respondents from that group
who had answered the question about that criterion to determine the average score for
each criterion. Criteria were then ranked from 1 to 13 for each of the user groups on the
basis of their average score, and the results are shown in Table 25 in Chapter 4.
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Table 16. Points for responses
Response

Points

Unimportant

1

Of little importance

3

Moderately important

5

Important

7

Very important

9

The weighting for each criterion was initially determined via normalisation to a total of
1. The total of the average scores for all criteria was determined, and then each average
score was recalculated as a percentage of that total to give its weighting for the MCA
process.

However this methodology did not provide enough differentiation between the results
for different user groups, due to the high importance placed on all criteria. Therefore, a
second weighting was carried out based on the order of ranking of criteria to magnify
the differences between each one.

For each user group, the criteria were ranked from 1 to 13 on the basis of average score.
The total of all the rankings was determined and rankings were normalised to 1. This
gave an inverse normalised ranking i.e. the criteria ranked first had the lowest
normalised score. This score was then inverted to give a magnified weighting. These
results are shown in Table 27 in Chapter 4.

3.3 MultiMulti-Criteria Assessment of Water and
Wastewater Technologies
Technologies
There were three stages to the MCA. The first was to come up with a list of
technologies for inclusion. The second was to gather information about the performance
of those technologies against the 13 criteria, and to score the performance of each
technology against each criterion. The final was to multiply performance by criteria
weighting and sum total performance for each technology.
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3.3.1

Selection of Technologies

The technologies for consideration in the MCA process were selected on the basis of
their suitability for the types of situations in remote Australian settlements i.e. small
populations with no connection to a reticulated water or sewerage service. In the case of
wastewater technologies they were also selected to represent a range of treatment types,
whereas all the water treatment units selected were small-scale reverse osmosis units.
They had to be commercially available at the time of the research i.e. not in
development. The technologies included in the MCA are shown in Table 17.

Table 17. List of Technologies for MCA
Category

Manufacturer

Model Name

Description

Water

Novatron

750 BWE

Mains powered RO, 750L/day

Novatron

2000 BWE

Mains powered RO, 2,000L/day

Abtech

RO1000E-LP

Mains powered RO, 1,000L/day

Abtech

RO2000E-LP

Mains powered RO, 2,000L/day

Citor

2TM

Mains powered RO, 2,000L/day

Ozzi Kleen

RP 10

Aerobic treatment plus chlorination.

Econova

Novaclear 10EP

Membrane bioreactor.

Econova

Novaclear 10EP

Membrane bioreactor with chlorination.

Advantex

AX20

Packed bed treatment.

Envirocycle

10 NR

Aerobic treatment plus UV.

Wastewater

3.3.2

Performance of Technologies

A telephone survey of the manufacturer or retailer of the technologies listed in Table 17
was carried out to gather information about their performance against the 13 criteria.
This information is summarised in Table 31 and Table 32 in Chapter 4.

Once this information was gathered, the performance across the range of technologies
was considered and a ‘performance score’ was assigned for the performance of each
technology against each criterion. As for the weighting, scoring was carried out in
different ways to determine the sensitivity of the MCA model. Three different scoring
methods were used:
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1. A ‘local scale’ scoring process (Belton & Stewart 2002) in which the best
performing technologies was given a score of 100 if it performed best against
that criterion. The worst was given a score of ‘0’. Where performance could be
quantified, a linear value scale was applied, as described in the example below.
When all the alternatives were considered to perform equally, a score of 50 was
given to every unit.
2. Similar to above, with the best performing technology being given a score of
100 and then all other technologies scored as a percentage based on their relative
performance. This meant that the range of scores was not as great.
3. A local scale process which involved ranking each technology from 1 (worst) to
5 (best) for performance against each criterion. When all the alternatives were
considered to perform equally, a score of 3 was given to every unit.

An example of the scoring processes used is as follows. For the criteria ‘robust and
reliable’, there are two indicators: the warranty offered with the technology, and the
expected service life. The average was calculated for this criterion since it has two
indicators. So the score for each technology for the ‘robust and reliable’ criterion is the
average across the two indicators.

The performance of each of the wastewater technologies against these two indicators
was as follows:
•

Ozzi Kleen RP10 – 25 year warranty on tank (best), 30 year service life

•

Novaclear 10EP – 15 year warranty on tank, 35 year service life (best)

•

Novaclear 10EP w/ disinfection – 15 year warranty on tank, 35 year service life
(best)

•

Advantex AX20 – 5 year warranty on unit, 20 year service life

•

Envirocycle 10NR – 15 warranty on structure & fittings, 20 year service life.

Using Scoring Method 1, the Ozzi Kleen RP10 was assigned a score of 100 for its
warranty, as it had the longest of all the technologies considered. The Advantex AX20
got a score of 0 as the 5 year warranty was the worst performance in the category. The
range between best and worst was 20 years. The Novaclear units both got a score of 50
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since their warranty of 15 years is at the midpoint between the worst performer and the
best performer. The same score was obtained by the Envirocycle.

Using Scoring Method 2, the Ozzi Kleen RP10 was assigned a score of 100 for its
warranty, as it had the longest of all the technologies considered. The Novaclear units
both got a score of 60 since their warranty of 15 years is 60% of the 25 years offered by
Ozzi Kleen. The same score was obtained by the Envirocycle. The Advantex AX20 got
a score of 20 (5 years being 20% of 25 years).

Using Scoring Method 3, which works in the opposite direction, the Advantex AX20
got a score of 1 as the worst performer. The two Novaclear units and the Envirocycle all
scored 2 as they were equal in performance. The Ozzi Kleen RP10 was assigned a score
of 5.

The same calculation was repeated using each methodology for service life, with the
Novaclear units being the best performers. The scores assigned to each technology for
the two indicators using all 3 scoring methods are shown in Tables 18-20. N.B. The
average was calculated for this criterion since it has two indicators. So the score for
each technology for the ‘robust and reliable’ criterion is the average across the two
indicators.

Table 18. Example of Scoring Method 1 for wastewater treatment technologies:
Ozzi Kleen

Novaclear

Novaclear

Advantex

Envirocycle

RP10

10EP

10EP + Cl

AX20

10NR

Warranty score

100

60

60

0

60

Service life score

67

100

100

0

0

83.5

80

80

0

30

Average

Table 19. Example of Scoring Method 2 for wastewater treatment technologies:
Ozzi Kleen

Novaclear

Novaclear

Advantex

Envirocycle

RP10

10EP

10EP + Cl

AX20

10NR

Warranty score

100

50

50

0

50

Service life score

86

100

100

57

57

Average

93

75

75

28.5

53.5
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Table 20. Example of Scoring Method 3 for wastewater treatment technologies:
Ozzi Kleen

Novaclear

Novaclear

Advantex

Envirocycle

RP10

10EP

10EP + Cl

AX20

10NR

Warranty score

5

2

2

1

2

Service life score

3

4

4

1

1

Average

4

3

3

1

1.5

3.3.3

Assessment of Technologies

After scoring of each of the technologies against each criterion using the 3 different
scoring methods was carried out, a simple linear additive model was used to assess
overall performance, using the equation from Section 2.4.1.

This meant that the score for each technology was multiplied by the criterion weighting
for each of the 13 criteria. Where there were 2 indicators for a single criterion, the
technology’s performance score was taken as the average of the scores across the
indicators. The resultant total score gave an indication of the technology which had the
best overall performance for the group whose weightings were applied.

The four different weightings were applied to each of the three different scoring
methods and the results of each combination of weight and score are presented in
Chapter 4.

The commercial names of each of the technologies were changed in the presentation of
results of the multi-criteria assessment. They have been re-named Technologies A, B, C,
D and E in both the water and wastewater categories. This has been done because the
purpose of this research was to develop and demonstrate the use of a sustainabilityoriented MCA framework for comparison of performance, rather than to recommend
specific technologies to consumers. More extensive practical testing would be required
if this were the desired purpose of the research and therefore the commercial names of
each unit have been replaced by a single letter.
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3.4 Technology
Technology Development and
Implementation Recommendations
The results of the MCA process were analysed to determine where there were shortfalls
across all technologies assessed, in either the water or wastewater category. Because a
‘local scale’ scoring system had been used, the scoring indicated only relative
performance within the range of technologies under consideration. For this part of the
analysis an assessment was made of how the range of technologies performed against
absolute values for criteria such as service life, available warranty and so on.
Comparison with the known performance of existing technologies (such as septic tanks
in the case of wastewater treatment, or rainwater tanks in the case of water treatment)
was used for this purpose.

The other results of the telephone survey of user sites were also considered to assess the
need and practicality of the technologies under consideration. Each site had been asked
about the current, maximum and minimum population at their site, as well as the
duration for which the maximum population was present. The average, minimum and
maximum populations were carried out to determine the variation in loads on water and
wastewater systems that could occur. Where a range in the maximum population was
given (as was the case at some sites), the midpoint of the range was used for analysis.

Analysis was also carried out of responses relating to sources of potable and nonpotable water at sites, experiences of water shortages (potable or non-potable), practices
of recycling water and existing wastewater treatment technologies at sites. This was
done to examine the scope for implementation of water treatment technologies
specifically for purification of bore water for drinking purposes, and wastewater
treatment technologies which generate a higher quality of treated water that can be
recycled for use in non-potable applications.
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4 Results and Discussion
4.1 PrePre-Scoping Study
4.1.1

Site Findings and Discussion

A summary of the findings from the user interviews for the pre-scoping study are shown
in Table 21. A number of interesting characteristics of remote settlement water systems
in the Northern Territory emerged.

In terms of the social aspects of water systems, at almost all the sites the population
fluctuates throughout the year. This was most marked at the two farms, which could
increase in size by ten times during busy times of the year (crop harvest or cattle
mustering). This has implications for both water and wastewater treatment technologies
in terms of their ability to deal with significantly varying loads or even periods of no
use. The populations served by the water systems ranged from 5 to 50 people.

Water use occurs for a variety of purposes: human consumption, crop irrigation, filling
swimming pools, cleaning, stock use, use in evaporative air conditioners, showering and
toilet flushing. These purposes will obviously have different water quality requirements
and sources were managed (where possible) to ensure that water quality was suitable for
the purpose e.g. a poor quality bore may be used for stock water but not for potable
supply to a residence.

The types of technologies used as components of water and wastewater systems include
diesel, electric and solar-powered bore or rainwater pumps, domestic-sized rainwater
tanks (steel or plastic, as shown in Figure 12), larger water storage tanks (typically steel
or concrete), polyvinyl chloride (PVC) piping for water distribution (Figure 12) and
septic tanks. Windmills were also used for water pumping from bores. Float switches
and ball valves are used for level detection. Solar hot water systems were commonly
used. Power was typically sourced from diesel generators where a connection to the grid
was not available.
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Figure 12. PVC piping and rainwater tanks at one site in Central Australia

Operation and maintenance of the water system was the responsibility of the farm or site
manager at the two farms and roadhouse visited. At the Indigenous communities, the
Essential Services Operator (ESO) was responsible for maintenance and operation in
conjunction with the community members.

Water sources utilised included rainwater, bore water, dam water (from rivers when in
flow) and spring water. Typically rainwater tanks were used for drinking water and
bores / dams for other purposes. Rainwater tanks were not always reliable and trucking
potable water can be the only option if rainfall is inadequate.

Water quality was also noted as a shortcoming of existing systems at some sites.
Hardness and salinity were the most commonly mentioned issues, which affect both
palatability of water for human consumption and the service life of technologies used.
Corrosion of fittings and build-ups of salts were a common problem, and can be seen in
Figure 13 and Figure 14. The environmental conditions in which water and wastewater
systems must operate are hot, often dusty, and sometimes extremely wet (for short
periods of the year). There are high levels of ultraviolet radiation. Equipment is also
susceptible to attack from ants, birds and stock (on farms).
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Table 21. Site Findings from Pre-Scoping
Site

Population

Water Use

Water system

Activities
Grape Farm

Up to 50 people at
harvest time for 6-8

Cattle farm

Bore water
TDS

Grape irrigation
4

3 x 10kL rainwater tanks

Quality & Quantity Shortfalls

3

750 mg/L

for system
High hardness and nitrates in

Drip irrigation system for

bore water not ideal for grapes.

weeks, other-wise 5-

grapevines. 5 irrigation, 1

Rainwater for drinking is fine.

7 people.

domestic bore

Quantity for all sources is OK.

Domestic use

4,800 mg/L

Responsibility

Up to 20 people

Stock water

3 rainwater tanks

One bore is on the limit of

during cattle

Domestic use

2 water storage tanks

quality acceptability for stock.

mustering, other-

5 dams

Rainwater for drinking is fine.

wise around 5

30 bores for stock water &

Quantity is generally OK, but

people.

domestic use.

rainfall can be concentrated at

Farm manager

Farm manager

one time of the year. The main
dam is not always full.
Roadhouse

6 staff and up to 40

Domestic use

Multiple rainwater tanks,

guests, depending on

Commercial use:

the season

Bore water is unpalatable for

Roadhouse

storage tanks, piping.

guests, so rain water is supplied.

manager

food preparation,

3 bores for roadhouse &

Quantity is not always adequate.

cleaning,

accommodation, 1 for

The bores have low flows and

swimming pool &

swimming pool.

can run out. Lack of rainfall

vehicle use.

3
4

2,200 mg/L

means water is trucked at times.

Total Dissolved Solids, converted from EC (electrical conductivity) measured at the site. Only one bore was measured at each site, except at the town.
Domestic use refers to common water use activities in domestic situations such as drinking, cooking, washing clothes, cleaning, showering and toilet flushing.
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Table 21 (continued). Site Findings from Pre-Scoping
Site

Population

Water Use

Water system

Activities

for system

community needs.

Quantity is also acceptable, as

council,

cultural reasons,

2 bores for community

long as the second bore is turned

ESO and

holidays etc.

water supply.

on at night when the solar bore

community

switches off.

members

Residents complain about water

Community

drinking water.

quality when showering.

council, ESO

1 bore for other water needs.

Have to have water trucked

and community

when rainfall is inadequate.

members

Quality after RO is excellent.

Water Supply

Community 1

can fluctuate due to

Indigenous

40-50 people on a

Community 2

fairly constant basis

3,500 permanent

Domestic use

Domestic use

Domestic use

1 rainwater tank for

1 bore (high salinity)

1,300 mg/L

High sal. bore

nd

provides water for 2 reverse

15,600 mg/L

2 RO plant installed 3 years

Dept. of District

to 1,000 tourists in

osmosis plants which purify

Low sal. bore

ago to deal with quantity short-

Council (mana-

season

water from for drinking.

4,100 mg/L

falls, the situation now is OK.

ger plus 4 staff).

population plus up

Garden watering

Storage tank (20kL) for

1,350 mg/L

Responsibility

Community

Usually 20 residents,

5

TDS

Quality & Quantity Shortfalls

5

Quality is OK.

Indigenous

Town

Bore water

Total Dissolved Solids, converted from EC (electrical conductivity) measured at the site. Only one bore was measured at each site, except at the town.
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Figure 13. Diesel powered bore pump; corrosion of bore housing

Figure 14. Salt build-up on tap and showerhead

In terms of the economics of water systems, there were significant differences. For the
two farms and roadhouse site, the costs of installing, operating and maintaining water
and wastewater systems must be covered by revenue from the site operations. The water
supply system is part of the critical infrastructure required to run the business, be it a
roadhouse or a farm. At the two Indigenous communities, the costs of the system are
paid for by the community council responsible for the settlement. These councils
receive income from rent payments from residents which goes towards paying for water
and wastewater systems. Residents did not pay on a ‘user pays’ basis (i.e. per kilolitre of
water used) but do contribute to the costs of systems via their rent payments.

Licensing for bores is overseen by the NT Department of Natural Resources,
Environment and the Arts (NRETA). When a bore license is issued a water quality and
bore capacity test is carried out. The water quality test states whether or not the water
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meets the ADWG for certain parameters. An example is shown in Figure 15. The bore
capacity test determines the rate at which the bore can be pumped.

Figure 15. Example of statement of bore issued from initial water quality analysis

Water testing was carried out for the roadhouse once per year, for total coliforms, faecal
coliforms and E. coli. At other sites water quality testing did not appear to be regularly
carried out.

There was significant variability in the remote settlement water systems observed in the
pre-scoping study, in terms of social, environmental, economic, institutional and
technical factors. However the common factors which emerged were as follows:
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•

The need for systems to serve variable populations

•

Requirements for different quality of water for different purposes within single
sites

•

Systems needed to be within the economic constraints of the site to set up,
operate and maintain.

•

The need to comply with regulation where it applies

•

The need for robust equipment for which maintenance support is locally
available.

These scoping results suggested that the ability to treat brackish groundwater to a
potable standard using some form of treatment AND the ability to treat and re-use
wastewater could both be beneficial in remote Central Australian sites. They also
suggest that there are differences between different types of settlements in Central
Australia that may influence their perceptions of sustainability and sustainable
technologies. These were explored in greater detail in the full scoping study.

4.1.2

Interview and Site Note Analysis

There were a total of 10 responses from the site visits and expert interviews carried out
for the pre-scoping study. These were coded in NVivo 8 (QSR International 2008), with
references to particular topics being treated as a ‘node’. There were 82 nodes in total,
listed in Table 22 over the page.

These individual nodes were then categorised on the basis of the five dimensional
model of sustainability (Mukherjee & van Wijk 2003). Economic, environmental,
institutional, social and technical ‘parent nodes’ were created, and the ‘child nodes’
from Table 22 were placed under the appropriate parent node in a hierarchical structure.

Additional parent nodes were required, due to the topics addressed in the site and expert
discussions and the responses received. The additional parent nodes created were to
collate responses about:
•

Water and power technologies

76

•

Water quality

•

User groups

Table 22. List of Nodes mentioned in Pre-Scoping Study
ADWG
attitudes to technology
Bushlight
community capacity
community councils
community disharmony
community participation
community support
contractors
costs of technology
cultural aspects of water
demand management
demonstration
diesel generator
diesel pumps
differences between communities
equity
ESOs
fit for purpose
general comments on RO
government funding
government policy approaches
gravity fed tanks
grid
groundwater quality changes
groundwater running out
hardness
health

independent
institutional capacity
institutional responsibility
knowledge database
maintenance
needs
nitrates
outstations water
palatability
pastoral and farmers
peer opinions of water use
perceptions of water quality
piping
population mobility
preference for rainwater
rainwater tanks
regulation of water
relationship building
reliability
resource agencies
RO maintenance
roadhouses
robustness of technology
self management
septic tanks
simple
solar bores
solar hot water

solar power
solar pumps
spares available
storage tank
support for system
sustainable groundwater yield
sustainable livelihoods
TDS
technology choice
technology design
technology interface
training
turkey nest dam
understanding of technologies
understanding of water system
user involvement in planning
user pays
water consumption
water purification general
water quality general
water quality testing
water recycling
water shortages
water source
water trucking
water use practices

The number of respondents (referred to ‘sources’ in NVivo) who mentioned a parent
node and the number of comments that parent node received are shown in Figure 16.
This table gives a preliminary indication of what was important to respondents but also
reflects the questions they were asked about water systems, as described in 3.1.1.

Not surprisingly – given that people were asked to list the technologies used in the
provision of water and power at their sites – water and power technologies were the
most frequently mentioned item. Eight people referred to specific technologies, with a
total of 41 references. Rainwater tanks were talked about most often.
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Figure 16. Frequency of references to different categories

Nine people spoke about the technical aspects of water systems for a total of 38
references. Maintenance was the most frequently mentioned node. All respondents
mentioned social aspects of water systems for a total of 36 references. There were a
large number of nodes in the social category, indicative of the large spread of social
aspects of water systems which were spoken about. Water use practices and community
capacity to run their own water systems were the most frequently mentioned nodes.
All respondents also mentioned institutional aspects of water systems. Responsibility
for provision of water was the most frequently mentioned node. Respondents were often
asked about this directly.

4.1.2.1

Discussion

The node analysis of the responses to the pre-scoping study largely reflects the nature of
the questions asked at each site and of the expert respondents. The main purpose of the
analysis at the pre-scoping stage was to start developing a node framework for the more
detailed results from the full scoping study. It is important to note that the responses at
this stage could be categorised according to the five dimensions of sustainability, with
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the addition of extra parent nodes for specific comments about technologies, aspects of
water quality or user groups.

4.2 Scoping
Scoping Study
As mentioned in Chapter 3, the results of the full scoping study are presented here by
the sustainability dimension (parent node) to which they relate: economic,
environmental, institutional, social or technical sustainability of water systems. The
results are categorised by the group to which the respondent belonged: users
representing an Indigenous Community (EHWs and ESOs); users from roadhouses;
users from farms or experts. Brief extracts from the transcripts are included where they
are considered to make a pertinent point relating to a dimension of sustainability in
water systems.

The results are not presented by individual node because the purpose of this stage is to
build a holistic picture of sustainable water systems in remote Australia. The more
detailed focus on particular indicators comes in the next stage of the research.

4.2.1

Economic Sustainability

The results relating to economic sustainability include any mention of costs of water
systems – initial or ongoing; how systems are funded; sources of funding and so on.

4.2.1.1

Indigenous Communities

For Indigenous communities who are served by PWC, there was not a lot of discussion
about costs because they are not shared by the community. However where the
community (through a local council) is responsible for funding water supply then
having contractors come in to fix equipment can be very expensive, as evidenced by the
exchange in Box 1 from the focus group:
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Box 1. Excerpt from EHW focus group (I = interviewer, F = facilitator)

I: But is it expensive to get someone from Darwin?
R3: Oh yeah that what community talk about always in the
meeting, yeah.
F: You’re on the council so you know, eh, it costs you six
hundred bucks for one person to fly out, whether he does
anything or not, it’s six hundred dollars.
R3: Yeah, yeah, yeah.
R1: Costs the council a lot of money to get someone, fly
someone from Darwin. Within the community it doesn’t cost
much to fix it up for ourselves.

At the two outstations visited costs are covered by the community council or resource
agency involved, with the exception of fuel for the second bore at one site. There is an
indirect contribution through rent payments which come out of Centrelink allowances.

Bottled water can be purchased in some communities and is, indicating people are
willing to pay for water they prefer. The reasons for purchase (taste / status / health) are
not clear.

The drivers of sustainable systems which were mentioned by these respondents were the
availability of ongoing NT Government funding for PWC-serviced communities and
grants for infrastructure and operating costs from Commonwealth Government for
outstations. The purchase of bottled water in communities suggests there may be some
willingness to pay for improved quality

4.2.1.2

Roadhouses

For the roadhouse operators interviewed, rising fuel prices were a concern both in terms
of increased operational costs (e.g. diesel for generators, costs of supplies) and
reductions in income from tourism. Capital investment and ongoing costs for water and
power systems need to be affordable (in terms of business income) to justify new
technology purchases. They would need to deliver savings over their lifetime to justify
expenditure.
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Where specific treatment technologies (such as RO) were discussed they were
considered by respondents to be ‘too expensive’, as shown in Box 2.

Box 2. Roadhouse operator talking about reverse osmosis

We’ve got automatic changeover technology there to change our
machines between the three generators depending on the voltage
load. That was again a huge investment so … ah … there is
technology that I have looked at but the capital investment and
the running cost would place us in a dangerous situation for the
viability of our operation. If there was cheap technology that was
not dear to buy and not dear to run, we would have a much better
chance of considering things like that and of course we would
love to improve our water quality by … ah … you know
softening and things like that.

The drivers of sustainable systems which were mentioned by these respondents were the
affordability of capital and ongoing costs, and the time taken to recoup investment in
new technologies.

4.2.1.3

Farmers

Again, the rising price of fuel (diesel) was a commonly mentioned concern, even though
as primary producers all respondents would be eligible for a rebate. Subsidies were
mentioned for a number of items – solar pumps & bores, rainwater tanks in addition to
the diesel subsidy. Two farm sites visited were connected to Power and Water power
supplies, so they pay town rates for water despite their remoteness and the higher cost of
provision. This is a Northern Territory Government policy.

Sinking new bores is expensive but an accepted part of the business. New technologies
have to be more economical than the old ones they replaced. When contemplating new
technologies farmers must also consider the investment already made in existing
technologies – refurbishment versus replacement. People may be willing to pay more to
maintain quality of life, as evidenced by the comments in Box 3 relating to the prospect
of switching from a diesel generator to solar power.
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The economic drivers of sustainability mentioned by respondents were the ongoing
diesel fuel rebate for primary producers, business income covering capital and
operational costs of running water system and the costs of technologies.

Box 3. Excerpt from interview with farmer

… Our standard of living at the moment’s pretty comfortable,
and we’re quite enjoying split system air conditioners and
dishwashers and things like that. And I don’t know whether we
could get a solar set-up that could keep that going. Cos
apparently they can run swampies [evaporative air-conditioners]
really well but they can’t run these split systems. They draw too
much power and you’d have the engine going anyway. So I don’t
know...

4.2.1.4

Experts

Expert respondents raised many points in relation to the economics of small water
systems in the Northern Territory. In terms of the economics of natural resource
management, it was noted by a number of respondents that drillers must supply a
sample for every bore but NT Water Resources can no longer afford to have it tested
(due to a lack funding). This impacts their ability to manage groundwater and maintain
a database of water quality results for water management. Additionally, the NT Water
Resources Dept has no charges for licenses, permits or advice. This means there is no
source of funds to regulate issues such as over-extraction or use of water for unlicensed
purposes.

Many comments related to the economics of water provision in remote Indigenous
communities, and in particular the spending of money on unsuitable infrastructure and
without many checks. People in FaCSIA who grant funds might have no idea about
technical matters, but might have granted funds for inappropriate technologies for good
reasons (such as equity), as reported in Box 4.
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Box 4. Excerpt from interview with expert
I see the grants process being implemented every day and people
who have absolutely no technical understanding about anything
granting um funds for capital items that are completely
unnecessary.

The primary and most reliable source of recurrent and capital funding for resource
agencies was seen by experts to be FaCSIA. Some experts commented that an
expectation exists in Indigenous communities that government will provide, regardless
of the cost. Others believed that some Indigenous communities are keen to find jobs /
livelihoods related to water management.

Many experts commented on the need for water systems to be able to accommodate
cultural traditions. Technology implementation can require site-specific expertise,
which is hard to retain and often too expensive to get for small communities. The costs
of service provision are very high for small councils, which is why there is a move
towards regional councils. Resource centres have limited funds to overcome water
quality issues. If money becomes available (from sources other than the NT
Government), treatment might go ahead. One respondent described the situation in an
Indigenous community as follows:

Box 5. Expert respondent describing water systems seen
… I’ve seen the other end of the spectrum where there’s been
hundreds of thousands of dollars spent over a ten year period and
you can see all the relics of that money, of what that money was
spent on, and at the end of the day people are using a little Onga
firefighter pump, worth about $250-$400, and they’ve got a lump
of ag pipe, poly pipe, down into a soak, um that gets dug out and
that’s all you know tannin-y sort of thing, and it’s a hole about
you know, maybe a width and a half of this table, and about the
same wide, big square, just dug out with a shovel, full of leaves,
and I mean that, you know, two hundred and fifty thousand
dollars worth of infrastructure sitting around, and they’re using
about two hundred and fifty dollars worth of pumping and stuff
so in terms of ... I mean that system’s you know, not necessarily
meeting their needs either …
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Where Power and Water is the provider, residents in large communities don’t have to
pay for their water and generally aren’t metered. Water supply is funded by the NT
Government, and some of the issues with this approach were raised by one of the
respondents in Box 6. Government sites and private businesses in remote Indigenous
communities do pay. The experience with electricity payment was reported to have
shown that pre-paid electricity cards were found to be more acceptable than billing. In
the Bushlight program, a contribution from community members is expected. Money is
also saved by councils on diesel.

Box 6. Expert respondent talking about declining bore yields

Historically they’ve been there for a long time, they were set up
as either missions or welfare so you’ve got two or three hundred
people living there um … what do you tell them? Sorry, you
can’t have any water, move. So you basically mine it, the
community increases in size, if they were paying for their water
then they’d generate enough income probably to go further away,
and bring water in from further away, but as they’re not paying
for their water when it runs out you’ve got to go further afield to
get more water.

Other comments about willingness of people in remote Indigenous communities to pay
included that it is important in terms of community technology choice. If costs are
small-scale and minimal people might be willing to pay.

A number of drivers of economic sustainability of water systems were mentioned by
expert respondents. Firstly, it was noted that funding was critical for appropriate
government departments to maintain a database of bore details. It was also seen as
important that government funding be spent on suitable infrastructure. Ongoing Federal
funding for resource agencies was seen as critical to the survival of remote Indigenous
communities. If this is not available, water systems must be simple and low-cost.
Payment for the management, operation and maintenance of water supply by users
rather than the Government is desired. This could lead to a move to water metering /
resident payment for user contributions to system. Financial self-sustainability if
Federal funding withdrawn is a big question.
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4.2.1.5

Summary of Findings

There were notable differences between the issues raised by Indigenous and nonIndigenous user groups, and by the experts. Non-Indigenous user groups (farmers and
roadhouse operators) are responsible for covering all costs related to their water system,
including new infrastructure, maintenance, operational costs and management costs.
Concerns were raised about rising fuel prices, in terms of their impact on the business
generally and their implications for parts of water systems such as diesel bore pumps.
New technologies would only be considered if the economic benefits were considered
worthwhile i.e. savings were generated or the new technology offered better economic
efficiency than alternatives. Treatment technologies such as reverse osmosis were
perceived by roadhouse owners to be too expensive to be considered, even where water
quality improvements were desired. However the sinking of new bores was also
considered expensive, with costs of up to $100,000 for one new bore.

For Indigenous users, there was little mention of the economic aspects of water systems.
This is likely to be due to the fact that Indigenous users in communities supplied by
Power and Water do not have to pay for their water (with funding coming from the NT
Government), and in other communities (outstations) the costs are largely covered
through resource agency funding from the Federal Government. There may be a
minimal user contribution through funds collected for rent. The costs of having people
from outside the community come to repair systems was recognised, by one EHW who
also sits on the community council and thus would be exposed to the financial
implications of external maintenance provision. There was also evidence that people
were paying for bottled water in some communities, although the reasons for this were
not explored. It may be indicative of a willingness to pay for improved water quality.

The expert respondents commented widely on the issue of government funding for
Indigenous communities. Economic issues relating to private supplies were scarcely
mentioned. Federal funding for the provision and maintenance of infrastructure on
outstations was seen as a source which is likely to undergo changes in the next 5 years,
both in terms of how it is administered and potentially the amounts available. It was
suggested by two respondents that such funds had not always been spent wisely (i.e. on
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‘appropriate’ technology) in the past. The economic viability of outstations generally
was recognised to be dependent on the availability of ongoing economic support.

Territory funds are spent on the provision of services to large communities supplied by
Power and Water and this situation seems unlikely to change. There was evidence of a
push towards more user-pays systems for water in all Indigenous communities.
Territory funds also support the regulation and monitoring of water resources through
the Water Resources Group of NRETA. Reductions in funding to this group have
limited their ability to analyse all water samples received from new bores and this in
turn impacts their ability to manage groundwater resources.

In terms of how these comments relate to the literature, there are a number of points to
be made. Harvey & Reed (Harvey & Reed 2004, p.98) stated that “It is generally
accepted that user financing of implementation costs for improved rural water systems
is an unrealistic goal. Even in developed countries this is more commonly funded by
governments than water consumers.” Yet for farmers and roadhouse operators
implementation costs are their responsibility – or to be more precise the responsibility
of their business, which is served by the water supply system. For Indigenous users
implementation costs are certainly likely to be beyond their financial capacity, and thus
the Territory and Federal government funding to subsidise these services is well-aligned
with international experience.

However when it comes to ongoing operation and maintenance costs, user contributions
are, even in the developing world, expected to fully account for them. Mukherjee & van
Wijk (2003) state that “Systems can only function if financial resources [collected from
users] meet at least the costs of operation, maintenance, and common repairs”. This is
the case in Central Australia for privately operated supplies but for Indigenous
communities there appears to be little attempt made to fully recover ongoing costs.
Evidence from the scoping study suggests this could be a reasonable goal, however
further investigation is needed. The issue of cost recovery is related to that of technical
choice – communities should have the right to choose a water system which they are
willing to financially support (Harvey & Reed 2004).
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In the case of Indigenous communities, the transfer from a government-funded to userpays system could leave them expected to pay the costs of systems involving
complicated or expensive infrastructure which they would never have chosen. It is
important for decision-makers to have an understanding of the initial, operational and
maintenance costs of technologies for remote locations. The willingness and capacity of
Indigenous communities to pay for new technologies requires careful consideration
before technologies are chosen for them. For privately managed supplies, scoping
responses indicate that participants are well acquainted with the additional demands
placed on their financial resources by new technologies and they will seek information
regarding costs and service life before making a commitment.

The need for accountability of expenditure and sustainability of infrastructure purchased
with government funds has been raised in the literature, particularly in relation to
international development assistance. The guidelines for the Community Housing and
Infrastructure Program (CHIP) specify ‘Sustainability of project / resource’

as a

criterion for assessment of funding applications, but there is no evidence of how this is
done in practical terms. Guidelines for financial accountability of resource agencies are
also included in the document (Aboriginal and Torres Strait Islander Commission
2002).

4.2.2

Environmental Sustainability

This dimension included references to water sources, the quality of those sources,
causes of shortages and so on.

4.2.2.1

Indigenous Communities

There was a widespread reliance on bore water in Indigenous communities, even in nonarid areas. Where rainfall was relied upon there were shortages at one site due to
inadequate rainfall. Other shortages mentioned were for operational reasons, such as not
turning bores on. Leaks in a community may be a cause of water losses.
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The drivers of environmental sustainability mentioned were having an adequate quantity
of water, adequate quality i.e. fit for purpose and reliable operational systems.

4.2.2.2

Roadhouses

At one roadhouse site, the bores were located a considerable distance away (20 and
23km). This distance was necessary to find an adequate source in terms of quality and
quantity, but leads to high pumping costs and extra infrastructure required. Water
quality can be highly variable in relatively short distances, and can change over time.
Respondents in this user group pointed out that the cattle industry places increased
demand on water sources. Water shortages at roadhouse sites were reportedly due to
wastage, breakdowns, low bore capacity or inadequate rainfall.

The environmental requirements for a sustainable water system are adequate quantity
(having enough water to meet competing demands), adequate quality, long-term
sustainability of source at use rates and human efforts to conserve sources.

4.2.2.3

Farmers

The need to monitor sources for their quality and quantity was mentioned. This is
important as they are an input into agricultural production. Variability of weather
patterns, particularly rainfall was mentioned. The variability of groundwater sources
was also mentioned – variation in aquifers, with use rates, with rainfall, as well as
localised variations within a property. There will not necessarily be a chemically
consistent source and may need to be pumped to areas of poor supply. For bores of
lower yield they must be pumped more leading to greater fuel use, as illustrated by the
comment in Box 7. Some bores ‘fork’ (run dry) if over-pumped.

Alternative sources such as dams and springs are used where feasible. There was
evidence at one site of pollution of groundwater due to waste dumping – there are
regulations about the location of septic tanks designed to prevent such issues.
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Box 7. Farm respondent talking about bore yields

Trouble with um … like in the middle here, you’re pumping
continuously cos you haven’t got the yield down below. Up there
probably some bores like a litre and a half a second, and some
bores around here you’ve only got two or three hundred gallons
an hour in them. So just think about that, like your diesel’s …
using more diesel for your bores with hardly any water in ‘em,
cos you’re pumping more to try and water the stock.

In terms of the environmental aspects of sustainable water systems, it was seen as
important that a system can deal with natural variations e.g. in rainfall, in groundwater
availability and that the system is monitored over time. Diversification of sources assists
with ensuring sustainability, as does using only what is required. Protecting sources
from pollution and over-use is also important.

4.2.2.4

Experts

Experts talked about climate variability, particularly in terms of rainfall. This has an
impact on the recharge of groundwater resources. The sustainable yield of a bore is
determined when it is sunk, including the need to monitor. Bore is then equipped to
pump appropriately. PWC try to under-equip to prolong bore life. Change monitoring in
groundwater requires regular sampling so changes in outstations are unknown. PWC
monitor in communities they supply to. Original samples would not have included
certain elements.

It was acknowledged by experts that potable sources throughout the NT are limited.
There is a perception that PWC ‘mine’ potable sources rather than going to dual supply
then will rely on treatment when the good water runs out as described in Box 8.

When sourcing community supplies, attempts are made to find sources that are stable
over the long term, rather than high quality but only a short supply. Where sources are
in decline it is difficult to restrict use rates if they have been there for a long time. The

89

community or Power and Water will ultimately need to seek sources further away,
leading to increased costs.

Box 8. Expert respondent talking about monitoring of sources

I: So the good water will run out?
That’s our prediction, yeah.
I: How soon?
It varies from community to community. We used to – up until
we left Power and Water – we used to monitor the community,
the water levels. And Power and Water, the essential service
operator would meter it, we’d monitor the water levels and we’d
keep an eye what’s going on. Last ten years it hasn’t happened.
So what’s going to happen? I don’t know. How they’re
performing now I don’t know, Power and Water don’t know.

Pollution of groundwater is an issue if settlement design not carefully planned. There
are threats to sustainability of groundwater resources due to overuse but this is less
likely to be a problem in remote areas.

The drivers of environmental sustainability mentioned were that a system can deal with
variability in rainfall and that pumping occurs within sustainable yield as initially
determined when bore is sunk. Management of competing interests may be required to
not exceed sustainable yield of a body of groundwater and this may require regulation.
The long-term viability of the source is critical and conservative rates of use can help
prolong the life of a source.

Use sources for the purpose they are fit for to conserve limited potable resources.
Regular and comprehensive monitoring program required to detect changes in a wide
range of chemical constituents. Avoiding pollution of sources is important and there is a
need for occasional independent checking of self-reporting.

4.2.2.5

Summary of Findings

Of the user groups, farmers seemed to be most aware of the environmental aspects of
their water supply. They were more likely to have water tested regularly. Most of the
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roadhouses suffer from either water shortages or have to pump from a considerable
distance away, so they are aware of the limitations of their supply. Indigenous users
mentioned some operational difficulties leading to shortages. Across the user groups,
bores were the most common source but rainwater tanks were frequently used to
provide drinking water. Other sources such as dams, soaks, rivers etc were mentioned
but may only be available when the climatic conditions are right. Variability of
groundwater quality and quantity was mentioned by a number of respondents, as were
changing weather patterns and unpredictable rainfall. As noted by the expert
respondents, these patterns can also influence the recharge of groundwater aquifers.

In relation to the sustainability of supplies, expert respondents mentioned the limited
potable sources in the NT and the need to manage use so that those sources are not
exhausted faster than they need to be. There was some conflict evident in the policies of
Power and Water Corporation and the Water Resources group of NRETA on this topic.
Groundwater quality was seen as something that needed to be monitored over long time
periods. Quality could be affected by pollution (e.g. from septic tanks) but only if
settlement design was not done properly. Competition for water resources could be a
threat to sustainability, but this was managed where evident and is not really a problem
in remote areas. The need for stable community supplies was mentioned. Where
supplies were in decline, it was difficult to restrict use rates due to the established nature
of settlements. In such situations new sources will have to be found, at considerable
expense to the NT or Federal Government. The availability of an adequate potable
supply has now become a primary consideration in the establishment of new outstations.

Mukherjee & van Wijk (2003) note the importance of protecting water sources from
over-utilisation and contamination, concerns that were echoed by the expert
respondents. In Central Australia utilisation rates are largely determined by the pumping
equipment the bore is fitted with, and if the capacity of that equipment is below the
sustainable yield estimated when the bore is drilled then the utilisation rates should be
limited to ensure the bore will have a long life. Users seemed to have a fairly high
awareness of the importance of using their groundwater resources at a rate that did not
cause them to decline. However the occurrence of bores ‘forking’ (running dry) was
mentioned at 2 sites, suggesting that there are sites where the naturally available
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groundwater resources are not adequate for site needs and/or the use rates exceed the
sustainable yield of the bore.

In terms of contamination, there seem to be relatively few concerns. One expert did note
the importance of ensuring that bores were well designed in terms of back flow
prevention in the case of potential contamination by agricultural chemicals. Appropriate
siting of septic tanks was also mentioned. Both these issues are controlled by regulation.
An environmental health expert mentioned that the major concerns existed once the
water was raised above ground level, but chlorination was implemented in most Power
and Water-supplied Aboriginal communities to deal with such concerns.

Harvey & Reed (2004) note the variability of groundwater resources depending on
hydrogeology, and the need for thorough investigation at a local level to determine both
the quantity and quality of groundwater resources available. In Central Australia such
investigation is again part of the bore sinking and registration process. However the loss
of resources to test all samples from newly sunken bores at a Territory Government
level means that the onus is now on system owners to ensure the quality of bore water is
suitable for their needs.

They also note that groundwater is generally a safe source in terms of bacteriological
parameters due to the filtering effect of soil (Harvey & Reed 2004). This was also borne
out in discussions about water quality, with complaints being made about chemical
parameters such as calcium carbonate or salts but little mention of other forms of
contamination.

Interestingly, two other sources (Katz & Sara 1997; Black 1998) about the sustainability
of water supplies make almost no mention of the environmental aspects of water
systems. One goes so far as to state: “The notion of ‘sustainability’ of services for the
poor might owe something to environmental considerations, but its main inspiration was
marketplace economics: people will pay for the upkeep of something they value” (Black
1998, p.29).

92

4.2.3

Social Sustainability

This section includes all responses given that relate to the social aspects of small water
systems. These responses cover issues such as community capacity, participation,
training and understanding of water systems. Health issues relating to water supply and
palatability are also included here. Water use practices and the different water qualities
required at various sites are also addressed.

4.2.3.1

Indigenous Communities

Palatability seemed good in cases where Power and Water are responsible for provision.
It was variable at other sites (good at one and bad at another). Some people still seemed
to prefer drinking bottled water where palatability of the reticulated supply was good.
There was anecdotal evidence that water makes children sick at one site.

Some people complained about a lack of consultation with the community by Power
and Water staff in communities where they are responsible for supply. Community
and/or council members may not be aware of what they are doing. Also, water quality
testing results are shared with the ESO but not EHWs, indicating they are treated as an
operational parameter, rather than important to health.

Rainwater does not appear to be as desirable in non-arid areas due to the availability of
a range of surface and groundwater sources. At outstations rainwater may be collected.
In arid areas the tanks at one site were not used due to a lack of maintenance but at
another site rainwater was the preferred potable source. It was accessed by taps on tanks
located throughout the community. At both sites visited in the arid region (one
outstation and one minor community) community members were involved with system
operation in turning the bores on to fill tanks. Shortages could result if this was not done
for any reason.

The need to be self-reliant on outstations was emphasised, particularly when access is
cut. Solar power was viewed positively for outstation use and community members
were able to perform basic maintenance on solar systems.
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The high cost of getting ‘outsiders’ to fix problems was mentioned. Building capacity
within the community to fix problems was viewed positively and there was evidence of
a desire from some people to gain the capacity to maintain their own systems.

The drivers of social sustainability mentioned by respondents from Indigenous
communities include the health impacts and palatability of water supply, having
community involvement (at a level which they desire) in and community awareness of
the water system. It is also important that community preference for supply (bottled
water / rainwater / someone else looks after it) is taken into account. Where selfmanagement is sought it is important to build community capacity to manage and
maintain water supply.

4.2.3.2

Roadhouses

Roadhouse respondents commented on the differences in palatability between people /
sites. Rainwater tanks were used at two sites due to palatability issues. They were not
perceived as being necessary at other sites, as visitors didn’t complain about water taste.
There were minimal health concerns about the water supply at the sites visited, but
when there were bottled water was consumed. Water is tested annually by Health
Department at sites where food is prepared. Issues with hardness / mineral content were
mentioned by respondents, such as skin drying out. Soap, and its ability to lather, was
used by respondents as an indicator of quality.

At roadhouses, maintenance personnel or the manager is responsible for system. Site
had either developed their own capacity where necessary in one case or employed
people with suitable skills. System loads are variable depending on season and time of
the day. The need to conserve water was recognised at roadhouses. There was also seen
to be a need for more information about water (or awareness of where it could be
accessed).

Drivers of social sustainability mentioned by respondents included palatability of
supply, for all those who use the site. The health impacts of supply were important as
was the use of alternatives if potable supply not safe – including if due to misuse.
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Quality of supply (as judged by users) was also mentioned, it is important that water is
fit for the purpose for which it is used. Quantity of supply is critical i.e. having enough
water to meet variable loads. This is linked to the importance of conservation and
efficient use practices. For effective supply management, it is important for people to
have adequate information about the water supply, that regulation be appropriate and
that the community has capacity to manage, maintain and finance the water system.

4.2.3.3

Farmers

Respondents from farms also mentioned differences in palatability between different
consumers and sites e.g. from different bores around a property. Rainwater was
commonly used for drinking water but was not always connected to houses, for reasons
such as inadequate pressure or to promote conservation of a limited resource. This
forced people to go out and fill containers such as kettles and limited the demand placed
on rainwater.

Respondents did not hesitate to pass judgement on other’s water use practices
(consumption). They tended to see themselves as pretty good (though not above selfcriticism) and people from other areas (either other districts or from other states) as
wasteful, as illustrated in Box 9.

Box 9. Farm respondent talking about water use
… like we’ve got a friend from Sydney, and she’ll have a shower
it’s like an hour and I’m going ‘Jo, you just can’t … you just
can’t do that’. Like we’re on rainwater down the river … you
know on holidays or something and people having long … you
know, we’re going ‘oh my God it’s such a waste’, and you do
notice it.

In terms of water quality, issues with hardness (soap lathering, skin drying out) and iron
(stains on washing) were mentioned. Water treatment technologies had been trialled at
two sites – aeration, filtration and magnetic purification. Availability of information
about bores affected planning ability. Standards were viewed as irrelevant by one
respondent and not mentioned by others, indicating that they are not a concern.
Population constant at some sites, variable at others
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Social sustainability of water supply on farms was driven by palatability of supply,
conservation of limited resources, using water fit for purpose (with treatment considered
if quality not acceptable), having available quantity to meet variable loads and having
information available on bore water quality.

4.2.3.4

Experts

Participation in water systems planning in Indigenous communities was a recurrent
theme in discussion with experts from social / cultural fields, but there were differing
views on how meaningful participation could be achieved. A number of experts
mentioned the importance of Indigenous people participating in non-Indigenous
processes to ensure that their cultural values and rights to water are recognised. It was
recognised that for this to occur, capacity must be built in the skills required for crosscultural communication, and relationships also need to be built. Participants must
understand what is being talked about, and everyone should have the opportunity to
participate. In the Bushlight energy project, there is community participation in
planning and building a profile of community resource use. Ideally, participation should
be meaningful, enjoyable and useful – leading to livelihoods where possible. However
the reality may fall short and often only consultation is achieved, for purposes of project
rather than genuine power-sharing, as reported by one respondent in Box 10.
Box 10. Expert respondent talking about participation
And the community involvement stuff is really complex. There
are so many people out there now suddenly doing a participatory
approach. And everybody’s doing a participatory approach and
except it’s still really um you know, focused on what their
outcomes are. It’s not actually handing, devolving responsibility
or giving them real choice, usually. It’s all … It really is it’s
about running a meeting properly so that the beneficiaries of
whatever the program is um …can understand what’s going on.
That’s really what .. it’s actually a proper consultation process,
it’s not a participatory process. But what that does mean is that
there’s actually a higher burden on community mob, because
every week they’ve got more people coming in, and they want to
sit down, and they want to talk, and they want to … you know.
So that’s um … I would say there’s a genuine effort to do that,
there’s a genuine effort to involve people more and there’s a
genuine understanding that community mob aren’t involved
enough, but the reality of trying to meet deadlines and get project
outcomes means that it’s just a more focused and efficient
consultation process.
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Participation in the running of a water system was also discussed. One expert
commented that whilst a community may support a project idea, the rates of ongoing
participation within a community will be different. There will be different attitudes of
community members to maintenance of technologies, and community members
shouldn’t be expected to look after all the equipment associated with providing water,
energy and sewer.

Where water systems are externally run (i.e. by PWC), it was felt that there tends to be
less participation and people might not know what is going on with their supply.
External management can also lead to high expectations.

The issue of participation for the purpose of acknowledging needs was also commented
upon by expert respondents. People with different needs within a community should
have them met, and the ability of a system to meet all needs is important. There are
different types of water needs – environmental, cultural & consumptive. There was
some uncertainty over how cultural values can be included in planning and indigenous
participation facilitated.
In terms of water quality and health, the following issues were mentioned: hardness,
nitrates, fluorides, radioactive components and microbiological safety. In Indigenous
communities, expert respondents considered that water quality perceptions may be a
reflection on general quality of life, and health impacts of water quality issues are
difficult to separate from other health problems. There was some anecdotal evidence
that water makes people sick.

For Power and Water-managed supplies, water quality issues which exceed healthbased guidelines are treated as a priority and managed operationally. Other experts
commented on encouraging the use of alternatives to bores (e.g. carting, rainwater
tanks) over long periods of time when health concerns about chemical components
come into play. However, even if TDS is elevated it was felt that it is better for people
to drink the water than not drink. The potential exists for contamination of groundwater
by septic tanks. There is a need to manage water quality risks (& associated costs to
remedy) against other health risks.
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As far as palatability goes, the taste, smell and hardness of water are raised as concerns.
Aesthetic – rather than health – issues are most commonly complained about in terms of
water quality. Rainwater tanks may be preferred for palatability over groundwater but
were not put into Indigenous communities for a while due to health concerns (i.e.
contamination of catchments). They are now returning with appropriate management of
the catchment. There is reportedly work underway on developing guidelines for
palatability for Central Australia, see Box 11. There is a preference for cool water, and
that can increase consumption. It was felt that Indigenous people are more forgiving in
terms of water palatability and are used to what’s available. Non-indigenous staff
working in remote communities who are from an urban background tend to have higher
expectations of water quality.

Box 11. Expert respondent on palatability
Now up until the last couple of years we have been living within
Guideline [ADWG] levels, however we have had some
discussions with the Department of Health about trying to keep
um the notional level of TDS below 800. 800 is the potable level,
the taste level sorry, where it becomes palatable or not palatable
for a lot of people in this part of the world... So if we can keep it
below 800 people will drink more water. If it starts to go over
800 they’re not as interested in water. So we attempt wherever
possible to keep it below 800.

Indigenous community capacity to manage water supplies was commented upon by a
number of respondents. It was noted that communities are very different in terms of
skills, income, capacity, desire to self-manage or control water supply. There is also
diversity within communities – often those who talk loudest get heard. Selfmanagement was believed to be only suitable for a minority of outstations.

Understanding of the water system was seen as critical, that people at the least know
who is responsible for the system. Again, there are differences in levels of desired
understanding between and within communities. Information about the system needs to
be presented in a way (or a variety of ways) which can be understood by participants.
Test results may need to be explained. However building capacity & understanding are
not enough, the motivation and drivers to look after a water system are also important.
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In Power & Water-supplied communities, PWC provides training for ESOs (typically a
community member) to monitor the water system and perform basic maintenance. In
resource agencies, capacity building can be dependent on the presence of one skilled
individual willing to train others. Most staff learn on the job but some do
apprenticeships. The need for qualified people to maintain equipment to meet warranty
conditions leads to use of contractors, which can be expensive. The energy program
Bushlight aims to build capacity through training of community members, education
and understanding of support networks.

Patterns of water consumption were also commented upon by many experts, and again
Indigenous communities were the focus. Examples of both wasteful and conservative
water use were given. Conservation of water was felt to be important to preserve the
limited potable groundwater supplies in arid areas and thus prevent the need for
treatment of non-potable sources or sinking new bores. Dual reticulation and demand
management were seen by some experts as important components of conservation.
There are education programs to inform people about how to conserve and not waste
water, delivered through schools and in communities. In small communities it only
takes one person over-using water to drain the tank. Water shortages can have a range of
causes (technical, social, environmental). Most houses are not individually metered or
billed for consumption so price-driven demand management is difficult.

Linked to water conservation, the importance of using water sources that are fit for
purpose was recognised. It was felt that people in remote communities are coming to
accept different quality for potable / non-potable sources. PWC faces the dilemma of
treating a whole supply and seeing 80% go to waste, or retrofitting houses to take dual
supply. There is a need to balance needs & prospect of technology development in next
10-20 years. Search for best overall supply for community.

In terms of drivers of social sustainability of water systems as seen by experts, there
were a number of recurring points – most of which were also made by users. Water
systems need to supply water which is fit for purpose, and palatable (for drinking
water). The system must also be fit for the needs and settlement patterns of the
population it serves, and may need to accommodate population mobility and variability.
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The system must contribute to the overall health of the population which it serves, and
there is a need to consider relative risk of water quality to other health issues &
differentiate between health and aesthetic guidelines.

There is a need to manage competing demands in coming up with a sustainable water
system. This requires participation by all stakeholders, particularly community members
in Indigenous communities. This participation needs to be meaningful, accessible
(cross-cultural), people must have the capacity to participate, there may be variability in
desire to participate within / between communities. It is important to recognise the
burden placed on community by participative / consultative processes. Expectations of
what a water supply can deliver must be managed. The capacity of the community must
also be taken into account along with the level of support that can be offered to them to
manage and maintain a water supply. Self-management may not always be possible.

Conservation of water resources in arid areas was seen as important, and behaviour has
a large role to play. Needs were also seen as critical – the water system should meet
needs and recognise differences within community.

4.2.3.5

Findings

Respondents in the user category shared a number of common concerns. Palatability of
supply was mentioned frequently, with rainwater often used to provide a more palatable
potable supply than bore water. For roadhouses different tolerances of mineralised
groundwater amongst their guests was a concern, and this was also raised at one farm in
the case of a staff member. The EHWs also mentioned a variety of community
preferences, with some people choosing to drink bottled water and others preferring
traditional sources or surface water sources where available.

The health aspects of water supply were also mentioned by many users. There was
anecdotal evidence in the focus group that the water supply in one community made
people sick, and an ESO also complained that bore water made people’s hair fall out if
they showered in it. Difficulties in showering were also raised by a roadhouse operator,
and dry skin was often mentioned as a result of bathing in bore water.
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The EHWs expressed concern about the relationship with water service providers in
some communities, and a desire for increased involvement and communication with the
service provider. Access to water quality results did not seem to be readily available.
The capacity of the community to play a role in operation and maintenance was also
mentioned by both EHWs and ESOs, with differing perceptions of what community
members were able and willing to do.

Roadhouse operators and farmers mentioned the importance of access to information
about the water system for decision-making, and there seems to be room for
improvement in raising awareness of how water quality results can be accessed. For
both these groups it is important that they have the capacity to manage, operate and
maintain their own water supply and this may involved engaging external staff or
developing their own capacity.

Amongst the experts, the health-related aspects of water supply were frequently
mentioned but there was not agreement on how best to manage them. Some felt that
application of the ADWG was too strict and there was a need to adopt a risk
management approach, in relation to both the health-related guidelines and other health
risks to Indigenous communities. Difficulties in isolating the causes of health problems
were noted. The palatability of the water supply was also seen as being important across
the expert categories, albeit for different reasons – health reasons for some and customer
satisfaction reasons for the operational experts.

The social experts addressed some of the complexities relating to community
participation in the case of Indigenous communities. The motivations to undertake
participatory processes were considered to be linked more to funding requirements than
a genuine desire to devolve power, and the nature of such processes may be more
consultative than participatory. The ability of community members to participate in
decisions about water systems is linked to their capacity and understanding of that
system; conveying information requires appropriate methods. The issue of differences
in capacity, literacy, motivation etc both between and within communities was raised. In
terms of self-management, operation and maintenance of water systems, such
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differences mean suitable arrangements will need to take into consideration the capacity
and motivation of the community.

The operational and economic experts also raised issues of community capacity and
participation. The resource agency respondent made the important point that expecting
outstation communities to look after ALL the systems at their site was unrealistic and
unfair. The issue of population mobility and varying loads placed on water systems was
also raised here, as it was by a number of users as well.

The environmental experts expressed concern about water use rates and conservation in
Indigenous communities. The need to manage competing water interests by involving
all stakeholders was noted. The need for appropriate regulation was also raised, with the
suggestion that a strict application of guideline values was not suitable for the natural
variations which occur in groundwater.

Again, many of the issues raised by respondents can be found in the literature relating to
small water systems sustainability. However the complexity of some of these issues in
relation to the Central Australian context is new.

For example, the idea that community participation in water systems planning
contributes to long-term system sustainability is a common theme in the literature (Katz
& Sara 1997; Harvey & Reed 2004). However the responses gathered in the scoping
study illustrate that there are a number of factors to consider in determining how a
meaningful participatory process can be organised. The benefits delivered by such a
process, how demanding it is and the capacity of participants to genuinely participate
must all be considered. For non-Indigenous respondents, community participation was
barely mentioned, with decisions being made by the person responsible for the system
as they saw fit. The nature of consultation that was undertaken with other site residents
was not explored.

Similarly, the importance of a water supply system delivering a potable supply that is
safe for human consumption is widely emphasised in the literature (ASCE 1998). In the
scoping study this was acknowledged as being important, but again – particularly in the
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case of Indigenous communities – health is a complicated issue which is not solely
related to water supply. There are a number of other health risks, and improvements in
water supply to address health-related elements of the supply should be weighed up
against other changes or programs which could perhaps address more pressing health
issues (such as alcoholism or petrol sniffing). Alternative supplies such as rainwater
tanks or even bottled water for potable use may also be better ways of dealing with
health risks posed by the groundwater supply.

The role that should be played by community members in managing, operating and
maintaining the water supply system has received a lot of attention in the literature, and
there are differing perspectives on what ‘works’. A system of Village Level Operation
and Maintenance was dominant in the 1980s, but many such water systems failed, and
inadequate levels of government support for village-level maintenance have been
identified as one reason for this (Harvey & Reed 2004). The focus then shifted to
community participation in the management of operation and maintenance, or at the
very least community participation in selecting a management program in which they
may not have ongoing involvement (Harvey & Reed 2004). In the Central Australian
context, communities are unlikely to have a great deal of choice about how their water
supply is managed. For Indigenous communities, the responsibility will either lie with
Power and Water, a resource agency (for outstations) or with the community itself. For
non-Indigenous communities, self-management is likely to be an economic necessity.
However, the involvement of community members in operation and maintenance may
vary. At some outstations community members are clearly involved in operational tasks
such as turning bores on to fill up tanks, and they in turn bear the consequences if this is
not done. They may also be involved in simple maintenance, with more complicated
tasks requiring a contractor and the associated financial resources.

The issue of population variation and the subsequent variable loads placed on water
systems is not one which has received a lot of attention in the international literature.
This is addressed in the ‘Technical’ scoping results, as is the issue of understanding of
water systems & the technologies which comprise them.
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4.2.4

Institutional Sustainability

This section includes all responses given that relate to the institutional aspects of small
water systems, primarily the regulation of such systems and where responsibility lies for
water system management at different sites.

4.2.4.1

Indigenous Communities

Power and Water are responsible for water, sewerage and electricity supply to the 76
‘major’ communities. If that is the case then there is an ESO who may be indigenous or
not. Ideally, they are a community member as the relationship between ESO and
community is important. The ESO doesn’t necessarily do all the work themselves, they
will sometimes need to get a contractor. The ESO may actually be employed by the
local community council rather than PWC itself, and they provide a service under a
contract between the council and PWC.

Outstations and ‘minor’ (non-P&W communities) are typically looked after by some
sort of local council or Aboriginal Corporation. Sometimes an ESO will exist for a
major community that is part of a council and they look after outstations as well.

The main driver of institutional sustainability is that someone needs to be ultimately
responsible and organize for things to be done. The community or their representatives
need to be kept informed about what is going on.

4.2.4.2

Roadhouses

Main institutional issue mentioned by roadhouse respondents is that water used in
commercial food preparation complies with testing for E. coli. There are not really any
other constraints imposed by regulation. Some respondents commented that having
more water quality information available would be ‘useful’. Each site is responsible for
what they tell visitors
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The drivers of institutional sustainability mentioned are that standards are met and that
there is an understanding of water quality. Responsibility for these things rests with the
site.

4.2.4.3

Farms

Farms are regulated in the amounts that can be drawn for farming and the purposes for
which water can be used. There is also regulation of new bores being sunk and licensing
for a particular capacity. Water is tested when bores are sunk. The water at some sites
wouldn’t necessarily meet standards (ADWG) but it is still OK for people to drink

The drivers of institutional sustainability mentioned were the need to regulate so that
sources aren’t over-pumped, having information assists with self-management and
people will make their own judgements about what they want to drink.

4.2.4.4

Experts

It is firstly important to note that expert respondents talk about regulation & institutional
factors of water supply much more than users. From the perspective of water as a
natural resource, the Water Act regulates water in the NT. It has allowances for small
domestic supplies (such as outstations) to be put in place without regulation, unless they
are part of a Water Control District. There is a recognition that domestic uses are small,
essential and don’t need to be targeted. Legislation is aimed at major users.

NRETA is responsible for keeping a database of bore information which is accessible to
members of the public. However as mentioned previously, they can’t afford to analyse
all samples now and this has led to gaps in knowledge about water quality being
consumed by some people, as described in Box 12. Licences for bores are issued but
the funds aren’t necessarily available to regulate extractions once the license is in place.
There was some concern about competing demands for groundwater in some areas –
how to manage and regulate.

105

Box 12. Expert respondent talking about bore water quality testing

There’s a gap in knowing about the quality of water being drunk
by people on smaller communities um … and it just over the
years, whenever this group was involved in drilling a new supply,
we would ensure that the water was analysed for the major
anions and cations and that analysis included comment on its
potability. So if the fluoride or the nitrate exceeded the Health
Guidelines that would be clearly stated on the analysis and
documented in the report. More recently, our recommendation to
anyone doing this work, and we no longer do the production bore
drilling, is that the first water sample be analysed for the full
suite of … metals and all other chemical constituents. And that
be used as the touchstone for determining potability.

The NT Department of Health and Community Services are responsible for monitoring
drinking water quality. Quality in outstations is a difficult issue and if they are to take
over responsibility from FACSIA, as looked to be the case when the interviews were
undertaken, the approach in Box 13 was suggested:

Box 13. Expert respondent talking about outstations
…Is it an outstation which is inhabited six months of the year,
three months of the year, two weeks of the year, nine months of
the year? I think we’re going to have to come to some sort of
appropriate benchmarking to say, OK, you can’t expect the gold
star if you’re only there two months a year. Maybe you should
accept the bronze star. The bronze star includes this level of
infrastructure support and maintenance. Right? The gold star is
for this. And that’s the way, more than likely, we will tackle it.

In terms of provision of funding to outstations, the abolition of ATSIC in 2005 left a
gap in responsibility for outstations. FaCSIA took over responsibility in the meantime.
However the lack of consistency in funding was seen as a major issue in sustainability
of water supply by some expert respondents. A resource agency might lose funding
from one year to the next, severely hindering their ability to deliver services. The
relationship between resource agency and community is important.

Regulation of water quality was another contentious area. Many experts commented on
the difficulty of meeting ADWG values for small remote settlements, or even larger
ones like Alice Springs. It was seen as important to understand the context of the
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ADWG and to not treat them as absolute standards. A resource agency representative
complained about a lack of risk management in relation to what is suitable for
consumption (see Box 14) – the application of World Health Organisation (WHO)
standards, leading to lack of new housing, which in turn leads to other health and social
problems that may outweigh the issues of a water supply that does not meet WHO
standards. This involves another body, the Indigenous Housing Authority of the
Northern Territory (IHANT). From a natural resources perspective, it was felt that
natural variations in groundwater can make strict application of guidelines inappropriate
and meaningless.

Box 14. Expert respondent talking about changes in values in the ADWG
… With the [ADWG] arsenic levels dropping and uranium levels
dropping, that’s had a significant impact. I think uranium
allowable’s dropped from twenty to ten or something, and the
arsenic from fifty to seven micrograms. Which are huge changes
in terms of allowable levels. And what has happened is that no …
I have not seen anywhere a risk assessment done in a community
where the impact of twenty micrograms per litre uranium … has
been compared to the risks associated with seven, compared to
all the other risks that a community is exposed to.

4.2.4.5

Findings

The most interesting aspect of the discussion around institutional aspects of sustainable
water systems was the relative lack of comment from users versus the extensive
comments made by experts.

From a user perspective, for farms and roadhouses it seems desirable that there is an
institutional framework which facilities the use of water for essential purposes and
income-generating activities. Regulation is limited to testing of water quality where it is
used for food preparation available to the public and regulation of extraction of
groundwater where there are competing demands and potential for over-use. This
system of regulation seems to work well and is seen as appropriate for both farms and
roadhouses. Having accessible information about water quality is important.
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For Indigenous communities, the user perspective is difficult to generalise. It is apparent
that there are a range of views and desire for involvement in the water system varies
considerably. The main point here seems to be that an adequate water supply is critical
to ensuring that the desire of Indigenous people to live on their homelands is fulfilled.
The issue of how water is supplied is an extremely complex one but the reliability,
consistency and capacity of those responsible for the water system (whether that lies
with PWC, a community council or a resource agency) is critical.

The need for co-ordination and consistency amongst the different government
departments and parties alluded to by experts ties in well with Harvey & Reed’s
(Harvey & Reed 2004) call for ‘Sector-Wide Approaches’. This applies to a move away
from projects with a finite lifespan to service-based ‘programs’ which can be successful
if “government bodies are accountable, that activities and outputs are adequately
monitored, and that roles and responsibilities are clearly defined” (Harvey & Reed
2004, p.15). The latter point in particular seems to be missing from the current approach
to water systems in remote areas.

In terms of community management, it seems that the current situation in Indigenous
communities in remote Australia is a long way from the ideal espoused for community
management (Harvey & Reed 2004), in which communities:
1. Have access to information about a range of technologies so that they can make
an informed decision
2. Are committed to and capable of managing the operation and maintenance of the
system
3. Are committed to and capable of financing the cost of operation and
maintenance over the long-term.

Even when these criteria are met, it is noted that “experience to date shows that
successful community management requires ongoing institutional support” (Harvey &
Reed 2004, p.19).

Harvey & Reed (2004, p.49) also argue that regulation should ensure that:
•

Users pay a fair price for water
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•

The quality of construction of water infrastructure is high

•

Operation and maintenance service standards are acceptable

•

There are no negative effects on the environment as the result of the operation of
a water system

•

The quality of water from the system is in line with national or WHO guidelines

In terms of the findings that emerged from the interviews, performance in the NT
against each of these points can be assessed:
•

Pricing – as noted previously, users in remote communities supplied by PWC
pay the same as those in urban areas. Those with self-managed water supplies
pay whatever it costs to set up the system. Whether this is ‘fair’ is open to
debate, but the initial situation seems to be.

•

Construction quality – where PWC is the supplier this point is probably met.
Otherwise there is no regulation in relation to water infrastructure.

•

O&M standards – similar to point above.

•

No negative environmental effects – this criteria is probably met as well, but
limited funding available for enforcement of regulations could impact
negatively.

•

Water quality – there is inconsistency in how water quality is regulated between
types of communities & sites. However, this inconsistency seems to strike an
appropriate balance between protecting public health (e.g. at roadhouses) and
allowing people to make their own decisions about the water quality and
palatability they are willing to consume.

4.2.5

Technical Sustainability

This section includes all responses given to questions about water systems hardware or
about particular water or other technologies (such as reverse osmosis, carbon / sand
filtration, solar hot water etc.). It encompasses technical issues such as the performance
and maintenance of technologies. Costs of technologies are also addressed. Comments
about similar aspects of power systems are also included here.
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4.2.5.1

Indigenous Communities

Respondents from Indigenous communities had a lot of experience with solar
technologies. Solar bores were reportedly used on many outstations and were viewed as
fairly reliable, although they might rust over long periods. They are good for outstations
that get cut off by flooding and can’t be supplied with diesel. They have no operation
needs and require little maintenance. Solar hot water heaters were used in some
communities. They sometimes fail due to materials breakdown, or leakages may occur.
They also may need to be backed up by electric power due to clouds and need to be
protected by mesh from kids throwing rocks.

The Bushlight program (Centre for Appropriate Technology 2009) run by CAT in Alice
Springs is putting in solar power for outstations. Many outstation communities are
familiar with solar power and know how to look after it. They can do basic maintenance
but call in outsiders if more complex work is needed. A solar power system at another
site had reportedly not been ‘looked after’. The alternative to solar power in remote
(off-grid) locations is usually diesel generators, whose reliability was dependent on the
age of the equipment and having someone to turn them on/off as required. Diesel bore
pumps had similar issues.

In terms of water systems, a number of technologies and issues were talked about. There
are no rainwater tanks in many communities – due to their being no rain, or adequate
surface water sources. One community had them previously but they rusted. They tend
to have them on outstations, if close to the coast they are better in plastic as they don’t
rust. At another outstation they were on each house but were not used due to a lack of
maintenance by community members.

There were reportedly shortages / stoppages in water supplies in some communities
occur due to system leaks, or due to PWC doing maintenance or tests. One community
had increased the size of its storage tank to overcome shortages. Gravity tanks are
widely used and work well.

Respondents spoke at some length about maintenance issues with water and energy
systems. Outstations are looked after by resource agencies that have a crew to do
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maintenance. Spares are kept in stock by resource agencies. On small outstations, there
may be a manager who would do maintenance and repairs. In all cases, it was seen that
bringing people in to fix or analyse equipment is very expensive, and having the
capacity onsite is be much cheaper. For PWC communities, the ESO does some
maintenance (eg oil changes) or gets a contractor if it is beyond his skills.

There was some discussion about reverse osmosis (RO) systems. The EHWs in the
focus group were not aware of RO systems, but some ESOs were. They reported an
awareness of RO units being used at other sites but being taken out because they were
too high maintenance.

The drivers of technical sustainability mentioned by respondents were reliability of
equipment, suitability to climatic and geographic conditions (remoteness), the
operational and maintenance requirements of a system & its technologies.

Human factors relating to technical sustainability include knowledge of maintenance
requirements, capacity to carry out maintenance, motivation to get involved with
operation and maintenance and familiarity with technologies. Other important factors to
consider are: the impacts of system outages, the independence of technologies,
availability of spare parts, the safety of the technology, costs of repairs versus
replacement, failure rates and appropriate design.

4.2.5.2

Roadhouses

Roadhouse sites tend to employ maintenance staff members to look after technologies
and water systems. It was recognised that having people with certain skills is very
important to business survival. Managers/owners also develop necessary skills and may
participate in maintenance activities.
Poor water quality reportedly has a detrimental effect on the service life of hot water
heaters, showerheads, taps, air-conditioners and filters. Water shortages could be caused
by equipment (e.g. pump) breakdowns. Water carting was viewed as an alternative for
poor quality water, even though it is expensive & requires a truck and driver (plus an

111

accessible water source somewhere else). This was not seen as a long-term solution but
had been necessary at one site to ensure the initial survival of the business.

Solar-powered bores were viewed positively when equipped with solar radiation
trackers, as they can be negatively impacted by clouds. Solar-powered hot water
systems were not used at all sites due to their inability to meet short-term high demands
during peak tourist periods, however they were used on houses of staff. There had also
been experience at one site with solar hot water systems not surviving their first winter
due to low temperatures causing material failure and unit breakdown to the point they
had to be thrown away (see Box 15). Advice had come from people without knowledge
of desert conditions. Gas hot water was used at one site as it was preferable to placing
additional load on the generator for electric hot water.

The economics of a technology are important, and expensive technologies were viewed
as a threat to business viability. Expenditure on technologies such as solar power was
expected to be recouped in a certain number of years. The maintenance requirements of
new technologies are also important, in terms of the expertise and manpower required to
keep them operating. Just getting water & power can require substantial effort, with
significant overheads, equipment & costs. New technologies which will create more
work need to be carefully considered. One site had trialled gas for power generation but
found that it decreased the service life of motors, increased maintenance needs (no
longer self-lubricating), and was less efficient than diesel and more expensive in the
long term.

Box 15. Response from a roadhouse operator about solar hot water

We had solar hot water systems when we first started here.
Unfortunately the … people that advised and selected those hot
water systems ah were not engineers with experience in the
desert country and … they selected hot water systems that were
on the market in the Adelaide market, ‘cos most of the building
materials came from Adelaide. They didn’t understand that we
have sub-zero temperatures here during the months of May to
August and of course the first year that they were in operation, all
of the panels iced up, and all of the copper lines split, so all the
thousands of dollars of solar hot [water] systems were wasted.
They were a throw-away job.
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Two sites expressed interest in water recycling for garden / lawn irrigation, one also
mentioned it could be used for toilet flushing if necessary. The energy consumption &
efficiency of such systems was seen to be important, along with the checks required to
meet health regulations for wastewater systems. Relationships / experience were
important for one respondent in evaluating technologies. One respondent also expressed
frustration that technologies available in Australia were too power-intensive (possibly
designed for grid-connected areas) and overseas designs were found to better.

Drivers of technical sustainability mentioned by respondents included power
consumption / efficiency, maintenance requirements, operational requirements, ability
to withstand conditions in central Australia, proven performance in desert conditions
and the recommendation of someone trusted. In terms of the economics of technology,
the following factors are considered: initial costs, ongoing costs, time to recoup
investment, total cost over service life and cost in relation to business income
(affordability).

For a technology to work well at a roadhouse site, it must meet a recognised need, staff
must have the skills to operate and maintain it (or the ability to learn those skills), it
must be able to withstand variable loads and it must comply with any institutional
requirements (checks required).

4.2.5.3

Farms

There was at least one rainwater tank at every site visited, with relatively little
maintenance or additional equipment required other than kerosene at one site used to
keep mosquitoes from breeding, and pumps for pressure. The rebate for rainwater tanks
has not always been available but they were still put in.

Windmills (Figure 17, Box 16) were mentioned by a number of respondents. They are
still in use in many parts of central Australia for pumping water from bores. One
respondent had recently spent a million dollars on fixing windmills. They can reportedly
last for forty years without being overhauled. At another site it was claimed that because
the windmills are 50 years old and often neglected they are worn out & break down.
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The cost of spare parts (column) for windmills has gone up as global steel prices have
risen. Another site claimed they could no longer source column for windmill.

Box 16. Farm respondent talking about windmills

Before solar really took off we spent a million bucks doing up
our windmills. And um … ‘cos I’m pretty happy for a windmill
… well back then it was still, they were still very cost-effective.
But as solar technology’s got better, and cheaper, and rebates,
and so the popularity of solar is um taking off, but also the …
steel price has gone up dramatically, so column for windmills is
um extra bloody … bloody horrible. So there’s been a big
change, there’s been a combination of things that’s made it um
been a big change from wind to solar. But I was just stuck in the
middle of that transition, I got … on the end of the wind.

If this is the case it may be cheaper to replace the mill with a solar or diesel pump. It
was reported that solar technology has got better, cheaper, there are rebates available,
operation is simple and therefore the popularity is taking off. Respondents from farms
mentioned the importance of ‘what others are doing’ in influencing their decisions.
Solar bore pumps were replacing existing diesel bores at one site. At another site solar
pumps were viewed as too expensive, even with a subsidy. It was claimed the subsidy
had been absorbed by increasing prices.

In terms of electricity supply, solar power was also mentioned by respondents. One site
had previously had a huge solar power system but the technology was not reliable or
cost-effective – it had unspecified ‘troubles’. Power demand at another site was too big
for one solar system and would require individual systems on each house, nonetheless it
was under consideration. Solar power may not meet the demands placed on system to
maintain quality of life (such as running air conditioning), so a backup generator would
still be needed. The final decision in implementation of solar power was likely to be
economic. At another site solar power was considered too expensive, and the batteries
were only guaranteed for 5 years.

Solar hot water (Figure 17) doesn’t work on one house due to panels at the wrong angle
at is affected at other houses by silt in dam water. At another site it was found to be
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inadequate for the heavy load at one time of the day and ran out. They also reportedly
get affected by dust.

Figure 17. Windmill and solar hot water systems in Central Australia

Water purification was not seen as a high priority at any of the sites visited. One had an
RO system about 30 years ago with a very small output, used before rainwater tanks
went in for survival. A ‘Delta’ magnetic purifier used at one site to removes harsh
chemicals and hardness. It needed to be moved away from electric motors due to
interference and the installation instructions not being read (or not followed) when
installing. This was seen as an ‘easy’ solution and does improve water quality. It was
selected on the basis of advertising in ‘Country Life’ newspaper and because family
members had seen such things in Queensland. At the same site the use of aeration for
bore water was described– and improvised bucket with holes was used successfully to
remove iron. They were also planning the addition of a telemetry system to check
watering points and reduce the labour involved in travelling to each site and manually
checking.

The drivers of technological sustainability mentioned by farmers were similar to those
mentioned by roadhouse respondents. Technology costs were important – initial and
lifetime costs, along with a consideration of any rebates or subsidies available. The cost
and availability of spare parts was also important, along with labour savings that could
be generated. Service life, robustness, maintenance requirements, operational
requirements, reliability, safety, complexity and power requirements were all mentioned
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as being factors in technology choice. The experiences of trusted others was also
important, and awareness of technologies.

4.2.5.4

Experts

Expert respondents made extensive comments about technologies and their experiences
of them, particularly in relation to Indigenous communities. Their responses are
presented here grouped by specific technologies, human factors and then a summary of
drivers of technical sustainability.

Most Indigenous communities have reticulated bore water supply, with chlorination for
disinfection. Chlorine gas is used in larger (PWC) communities but there were
reportedly some safety concerns amongst operators. Other treatment is uncommon.

Rainwater tanks were reported to often have surprisingly good quality due to good
catchments, hot roofs and little animal life. However their use in Indigenous
communities is not widespread due to concerns about water quality in the 1990s, and
the inadequacy of rainfall and catchment areas at some sites. One recently completed
rainwater tank project in a remote indigenous community (with large tanks supplying
the whole community) was reported to have a very robust design, but it still requires
maintenance and human intervention. The community were involved initially (in
developing the idea of rainwater tanks) but maintenance was taken over by the ESO,
who has many other tasks & may not see it as a priority. Carbon filters are used in that
community and are easy to maintain and remove taste / odour / plasticiser. Having
rainwater tanks on homes rather than a reticulated supply has positives and negatives.
Some people want decentralisation, as they may not have a good relationship with their
resource agency. Rainwater tanks have quality issues if it doesn’t rain for 12 months
and the water sits there. First flush diverters should be used on rainwater tanks but there
is no point if people don’t know how they work or how to clean them.

Carting water was also talked about. It is mostly used as a last resort in times of
shortage but has been a permanent solution for some outstations where bores can’t be
sunk. Carting was reported by one respondent to be ‘surprisingly cheap’. In the case of
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one resource agency, funding had been made available for the initial purchase of a
truck. But the ongoing costs of registration, insurance, a driver, fuel, maintenance and
depreciation still had to be covered.

Many experts had prior experience of reverse osmosis units, though there were
conflicting views about how appropriate it was for use in Central Australia. The general
view was that it could work well if designed and maintained appropriately, but
delivering that maintenance is not straightforward. In PWC communities, contractors
would likely be used. In other communities, simple filter changes can be done by
resource agencies but contractors would be used for more complex work. In both cases
this would lead to high costs for an RO system. The need for pre-treatment in RO
systems was generally not considered to be well-understood and failure to implement
can very quickly lead to system failure. One expert stated that RO would only be
recommended as a last resort for a small community due to failure rates, maintenance
requirements and costs. The need for off-the-shelf components such as pumps and
membranes was highlighted – specialist equipment was seen as difficult and expensive
to source.
The small size and compactness of existing RO units was viewed positively. It was also
noted that it can be a good solution if not used to treat the whole water supply but only
water for potable use. Examples were given of both successful and unsuccessful RO
unit installations – however the ‘successful’ case was viewed as such because it had
managed to survive for 4 years without maintenance.

Disposal of brine was another issue. Where RO units are in use, the brine typically goes
into sewerage or is disposed out into the bush. One expert raised the point that brine
disposal needs to be down-gradient from the groundwater source, with changes in water
quality over time monitored. Or the unit can be run inefficiently and brine used for
horticulture / irrigation purposes, or re-cycled into the feed tank. The creation and
disposal of brine was seen as a big problem where groundwater resources are limited,
and if heavy metals or radionuclides present.
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Solar pumps were spoken about by one expert (Box 17). The brand chosen was based
on it being a complete package (integrated), well-suited to the application and good
support available in town. An example was given of a solar pump that had gone 8 years
with no maintenance.

Box 17. Expert respondent talking about technology choice
When we started to put in solar pumps, right we’ve used a lot of
the um Monos, Sunseeker stuff, and ah … mainly because they
were a package that was complete. Everyone else was bolting it
together, and at the time that wasn’t what we were looking for.
We went through a stage where we replaced windmills with solar
pumps, working on the premise – wind power, solar power, low
production, small communities, more than enough water, most of
the little communities that have solar pumps, the water ends up
overflowing out of the tanks. Um but we went through a process
and came up with the ah Mono Pumps Sunsubs, because they
were really suited and there was good support in town for them,
in that range of pumping.

Solar power systems as installed by Bushlight have a hierarchy of maintenance – basic
(community), more advanced (locked for security and carried out by ESO) and
contractors. Only when absolutely necessary are contractors called in, and it is usually
those who installed the equipment. The need for maintenance structures and proper
training was emphasised. Regular cleaning to remove dust can be necessary.

Training is also an important part of the Bushlight process, and covers operation and
maintenance, troubleshooting and energy management. Bushlight staff spend 2 weeks
onsite for commissioning the installation, checking it against a standard and doing more
training. System design is important and is carried out by Bushlight staff then installed
by contractors. Life cycle costing is carried out so community members know what the
costs are likely to be. The planning stage is critical - Information about technology is
provided during planning but the community must decide.

Developing reliable components for solar power systems was a critical part of the
process. Accrediting contractors was also important – difference between design and
install/maintain. A diesel generator remains as backup, with instructions on how to
switch over.
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The water and power systems at a site are often linked, and this dependence can cause
problems. If the power goes out and pumps stop working then the water supply will also
be affected. The need for a backup supply for new technologies must be considered.
Even simple mechanisms like a float switch can be damaged due to misuse such kids
swimming in a tank. This means the bore won’t start when necessary and can cost
thousands to fix.

In terms of human and economic factors relating to technologies, it was viewed as
critical for sustainability that both funding and maintenance arrangements be ongoing.
Initial funding is good but there must be money to keep technologies going. The need
for technologies which meet people’s desires was important and relates to choosing a
centralised or decentralised system for a community. It also relates to desired level of
involvement in running the water system, which will vary.

Population mobility was mentioned by a number of experts. Systems must be able to
deal with variable loads and population absences. The location of sites and level of
support available is important for communities in determining the levels of technology
which are supportable. Proximity to regional centres is very important and the
availability of independent technical advice (such as CAT), as the comments in Box 18
show.

Box 18. Expert respondent talking about the importance of technical support

So – I think anyway – that really increases people’s vulnerability,
not being able to understand … well not necessarily
understanding the system, but just being … for the community
members to know you know what buttons to push or who to
phone or where to get support. Just knowing they’re connected to
something, they’re not just standing alone. I think that’s really
important. And a lot of people have articulated for that, a lot of
conversations I’m having with people over there are about that.

There was a long list of drivers of technical sustainability mentioned by experts, and
they mirrored the drivers mentioned by user groups. Technologies need to be robust,
reliable, able to deal with variable loads and population absences, designed to suit the
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site, able to be maintained affordably, protected against misuse / vandalism, safe to
operate and maintain,

Costs of technologies (both initial and ongoing) are important, as are operational
requirements in terms of labour. Familiar technologies are more likely to succeed, as are
those that have been trialled or developed in the desert. It is highly desirable that
technologies can be fixed on-site using local expertise, or that they come with a
warranty that covers more complex repairs. Where technologies come with conditions
that they must be serviced by a certain person or organisation costs quickly blow out. If
a waste stream is generated by the technology then disposal and its impacts must be
considered.

The community may wish to be involved in technology choice, in which case it is
important that they have access to information they can understand and independent
advice.

4.2.5.5

Findings

Different emphases emerged in the technical aspects of water systems which different
groups of respondents focused upon. The EHWs and ESOs mentioned the need for
reliability and robustness of technologies, particularly for outstations. They also
highlighted the importance of a match between a technology’s maintenance
requirements and the community or resource agency’s capacity to carry out that
maintenance. The high cost of repairs when technicians had to come from outside the
community was mentioned. Levels of awareness about different technologies varied –
for example, solar bore pumps or power systems seemed to be widely known, whereas
water purification technologies such as chlorination or reverse osmosis were not as
familiar. Familiarity with technologies was also considered important for the ongoing
functioning of that technology in an outstation.

For roadhouse operators and farmers the focus was different again. Both were very
concerned with the costs of new technologies, and the time it would take to recoup any
investment was seen as important in determining whether the purchase of such a
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technology would be worthwhile. Roadhouse operators also raised the issue of the
impact of water quality on infrastructure such as hot water heaters and fittings, and the
subsequent high levels of maintenance and replacement required. The availability of a
palatable source for tourists was important in such situations, and rainwater tanks and
filtration technologies were used to deliver palatable water. The latter was not well
understood at the site it was installed at. The variation in load placed on the water
system during the peak tourist season and at different times of the day was also a
concern. Two roadhouse sites expressed interest in water recycling technologies,
reflecting the limited quantity of water available at their sites.

Farmers were primarily concerned with the delivery of adequate water to their stock /
crop. In the case of beef cattle, water quality was generally acceptable and finding
enough sources (or pumping from multiple sources) to deliver adequate quantity was the
main concern. The labour and maintenance requirements of water systems were cause
for concern, and there was evidence of pump and pipe failure due to the highly
mineralised water at some sites. Rainwater tanks were used as a potable source at every
site visited, though they were not necessarily reticulated.
The experts interviewed had a much greater understanding of technologies available for
water purification. Many had experienced the use of reverse osmosis units in desert
environments so were aware of the issues surrounding waste disposal and optimum
recovery ratios. They also had a good awareness of the complexity of issues related to
the maintenance of technologies, mentioning the different levels of maintenance
complexity required by technologies and who can reasonably be expected to carry out
those levels (e.g. community members to operate a first flush diverter on a rainwater
tank, a contractor to service a reverse osmosis unit). They raised the need for there to be
functional maintenance structures for infrastructure, with multiple support levels.
Bushlight provides a good example of how this could be done. The local availability of
spare parts was also considered important.

The difference between Indigenous communities, both between Power and Water
supplied communities and resource agency or self-managed outstations as well as
within those groups was mentioned by a number of respondents, and this means that
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determining ‘appropriate’ or sustainable technologies has to be done locally. A
difference in capacity and / or willingness to afford the initial and ongoing costs of
technologies was also mentioned. In terms of technologies themselves, reliability and
robustness were seen as important, as were maintenance requirements. The choice faced
in treating a community’s whole supply or putting in a dual reticulation system was
raised by some respondents.

Many of the issues highlighted in the responses of scoping participants correlate well
with those noted in the local and international literature on small or rural water systems
sustainability. For example, technical attributes such as reliability, the delivery of water
of adequate quality and quantity, and the ability to withstand desert environmental
conditions have all been addressed previously (Wright 2002; Mukherjee & van Wijk
2003). The importance of having maintenance structures and capacity which are suited
to the technologies implemented, and the failure of technologies which are reliant on
external expertise for operation or maintenance have also been noted (Dunmade 2002;
Harvey & Reed 2004). An adequate supply of spare parts is also critical (Harvey &
Reed 2004), and during the scoping study it became apparent that for many sites in
Central Australia there were not large numbers of spares carried so they would need to
be available at short notice from a local supplier if the technology was to be sustainable.

In terms of the costs of technology, some authors (particularly in the international
development field) simply advocate low cost technologies (Harvey & Reed 2004),
whereas others recognise the need to consider more context-specific indicators such as
affordability, and more detailed indicators such as short-and long-term economic
feasibility (Wright 2002). In the case of self-managed supplies which are part of
businesses in Central Australia (i.e. roadhouses and farms), the time taken to recoup
costs is also critical. In the case of water purification technologies, the savings delivered
in terms of equipment replacement (associated with scaling or blockages caused by
mineral content) should be factored into such calculations.

The palatability of water delivered by small systems is certainly mentioned in the
literature as being important for continued consumption and thus community support
and sustainability (Mukherjee & van Wijk 2003). This is generally considered a social
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rather than technical issue. However, in the scoping study it became apparent that there
may be variations in palatability between residents at one site, particularly in the case of
tourists who are not used to the mineralised taste of Central Australian bore water. Thus
the introduction of a purification technology may be for the purpose of increasing
palatability for guests or visitors (as seen at one roadhouse site), and the different
performance of technologies in terms of palatability of outputs becomes a contributor to
their sustainability.

Understanding of technologies which are part of a small water system is emphasised by
some authors (Harvey & Reed 2004) but not by others. The experience in the scoping
studies of coming across two purification technologies (the Water Wizard and the Delta
Magnetic) which were not understood by those present during the interviews suggests
that understanding by everyone at a site is not necessary, even if they are consuming the
outputs. The complexity of a technology that can be supported at a site needs to be
determined based on local conditions and attitudes and not absolute rules such as
‘simple = good’.

The suitability of a technology for site needs is an important technical criteria
(Mukherjee & van Wijk 2003), and a greater understanding of the complexity
associated with this concept for different sites in Central Australia was gained during
the scoping. For example, farms have much lower quality needs for cattle than the needs
for both potable and non-potable use by tourists at a roadhouse. Quantity may be
equally variable – the need for large quantities of water in roadhouses during the peak
tourist season and peak arrival time of day, a hundred people could be showering
simultaneously would be much larger than that for an outstation of five residents.
Coping with such variations in load and quality is important but will need to be
determined on a site-specific basis.

There is a need to build a broader picture of both site-specific conditions and
perceptions of the relative importance of general criteria for sustainability of
technologies. The former would include items such as maintenance capacity,
complexity of technologies currently supported, cost of technologies considered to be
‘affordable’, need for purification technologies and nature of site-specific demands. The
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latter would include items such as reliability, robustness, maintenance requirements,
initial and ongoing costs and output quality.

4.2.6

Sustainable Water & Wastewater Systems in

Remote Australia
From the combined findings of the pre-scoping and scoping study, the first and second
research questions can now be answered.

What do sustainable water and wastewater systems
look like in remote Australia?

Sustainable water and wastewater systems in remote Australia are those which operate
according to principles, criteria and indicators of economic, environmental, social,
institutional and technical sustainability. These principles, criteria and indicators have
been developed from the findings of the scoping study and are best presented using the
framework of sustainability principles and criteria developed by Prabhu et al. (1999)
shown in Figure 7 of 2.4.2.3. The five dimensional model of sustainability identified in
the literature review (Mukherjee & van Wijk 2003) has proven to be appropriate for
remote Central Australian settings. Each of the five dimensions was shown in the
scoping study to contribute to the overall sustainability of systems. The responses also
indicated that the dimensions of sustainability are inter-linked. For example, economic
sustainability in terms of ongoing funds being available for water system operation and
maintenance is dependent (in the case of Indigenous communities) on clearly defined
institutional responsibility and capacity.

The schematic for economic sustainability is shown in Figure 18. The over-riding
principle of economic sustainability is that water and wastewater systems be
economically viable over the long term. It is clear from the responses that how this
manifests is different at Indigenous and non-Indigenous sites. From the responses
received, it was clear that responsibilities for the initial and ongoing funding of water
and wastewater systems must be clearly defined – people must know who is responsible
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for funding the system, and that responsibility should not regularly change. The source
of the ongoing funding for system operation and maintenance must be reliable, and the
costs associated with ongoing operation of the system must be affordable to those who
use the system. Finally, it is important that the users of the system contribute at least
partially to the ongoing costs of the water or wastewater system, whether as a
volumetric or service charge.

Economic Sustainability
The water / wastewater
system is economically
viable over the long term.

Responsibility for
initial system
funding clearly
defined

Responsibility for
ongoing system
funding clearly
defined

Initial & ongoing costs paid
by government, business
revenue, users or some
combination of these

Ongoing funding
source is reliable
& adequate

Ongoing system
costs affordable
for those who pay
them

Users must
contribute at least
partially to
ongoing costs

Funds cover
operation &
maintenance
costs

Costs don’t
place excessive
burden on the
payer

Users pay a fee
for water use or
wastewater
service

Figure 18. Principles, Criteria and Indicators for Economic Sustainability

The principles, criteria and indicators for environmental sustainability are shown in
Figure 19. For environmentally sustainable water systems, it is critical that the quality
and quantity of the water source is protected to ensure its long-term viability. Whilst
this is arguably a narrow focus for environmentally sustainability – with no
consideration of the carbon emissions of a system or waste produced – it is nonetheless
the underlying concern that emerged from the scoping study. For environmentally
sustainable wastewater systems in remote areas, protection of the receiving environment
is the main principle.
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Environmental
Sustainability
The quality & quantity of the water source
or receiving environment is protected

The water source / receiving
environment must be protected

Source /
environment
monitored for
changes in quality
and yield

Source /
environment
protected from
pollution sources

The quantity of water used must not
exceed availability, and the quantity of
wastewater generated should not exceed
treatment capacity

Sustainable
yield of
source /
treatment
determined &
not exceeded

Total from all
sources or
treatment
capacity is
adequate to
meet site
needs

Users are aware
of how their
behaviour affects
consumption &
wastewater
generation

Figure 19. Principles, Criteria and Indicators for Environmental Sustainability

The criteria that follow on from these principles are straightforward. Protection of the
water source or receiving environment must be achieved, with both being monitored for
changes in a manner appropriate to the situation (such as water quality testing for water
sources; soil testing for wastewater receiving areas).

The quantity of water used at a site must not exceed the sustainable yield of all sources
(e.g. rainwater, bore water, dam water) combined. The quantity of wastewater generated
must not exceed the treatment capacity of the wastewater system at the site. Awareness
of users of how their behaviour affects both water consumption and wastewater
generation is important.

The principle for social sustainability of water and wastewater systems is that the
system be accepted by users and that it meet their needs. Again, there will be substantial
differences in how this manifests at different types of sites given the different user bases
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of farms, roadhouses and remote Indigenous communities. However the common
criteria to fulfil this principle are that the health of users be protected by the system; that
there is adequate wastewater treatment and quality and quantity of water; that the
arrangements for the system (management, operation and maintenance) are acceptable
to community members and that they are aware of those arrangements and who to
contact if there is a problem.

Social Sustainability
The water / wastewater system
must be accepted by and meet
the needs of users

Health of users
must be protected
by the system

Water quality & quantity
must be adequate;
wastewater treatment
must be adequate.

Arrangements for system
are acceptable to
community members

Community must
be aware of the
arrangements for
the system

Consumption of
water has no
adverse health
effects for users

Water available meets
requirements for
potable and nonpotable needs; all
wastewater is treated.

The system is
managed, financed,
operated & maintained
in a manner acceptable
to community members

Users are aware of
who is responsible if
system fails, and
how to access
quality information

Figure 20. Principles, Criteria and Indicators for Social Sustainability

The principle for technical sustainability is that the technologies used in a remote water
or wastewater system are appropriate to the context and operate successfully in the long
term. In order for this to happen, responsibility for the operation and maintenance of the
system must be clearly defined and performed by someone with the capacity to do so.
Support for the technologies must be available at a reasonable cost, now and in the
future. The technologies used must be robust and reliable under the conditions found at
the site and the costs of those technologies must be reasonable. Technical sustainability
is illustrated over the page in Figure 21.
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Technical Sustainability
Technologies used are
appropriate to the context
operate successfully long-term

Responsibility for
system operation
and maintenance
clearly defined

O&M
performed by
someone
qualified to do
so

Support for
system
technologies is
available

System
technologies
perform at
acceptable levels

O&M is the
responsibility of
people with the
capacity to
organise &
perform it

O&M carried
out effectively
& regularly

Affordable
technical
support
available now &
into the future

Technologies
are robust and
reliable under
site conditions

Technology
costs are
reasonable

Technologies
used are
cost-effective
compared to
alternatives

Figure 21. Principles, Criteria and Indicators for Technical Sustainability

The principle of institutional sustainability (Figure 22) that applies to water and
wastewater systems in remote areas is that effective institutional support is provided.
This mean institutional support that is appropriate to the needs of system users and
which enables the operation of safe and healthy systems with an appropriate degree of
regulation.

For this to happen, responsibility for system management must be clearly defined and
the designated person or organisation must have the capacity to manage the system
effectively. Information about the system must be recorded and available e.g. data about
system costs, water or wastewater quality and quantities, maintenance records and so
on.

Regulation of small systems must be appropriate – not overly restrictive for small sites,
but adequate to protect the health of system users. The guidelines applied for assessing
potability of water or adequacy of treatment of wastewater must be realistic, and in
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remote settings may not be as stringent as guidelines applied to large urban supplies.
The use of water must be regulated where demand has the potential to exceed supply,
and pollution must be monitored and prosecuted where appropriate.

Institutional Sustainability
Effective institutional support
for the water/wastewater
system is provided

Responsibility
for system
management
clearly defined

Person /
organisation
responsible for
system mgmt has
capacity to do so

System mgmt is
the responsibility
of an individual or
organisation

System
managed
effectively

Information
about
system is
available &
accessible

Cost, quality
and yield data
available

Regulation of small
systems is appropriate

Realistic
guidelines
for potable
or treated
wastewater
quality
applied

Use
regulated
where
demand
could
exceed
supply

Pollution of
sources
monitored
and
prosecuted

Figure 22. Principles, Criteria and Indicators for Institutional Sustainability

The second research question was:

How do different people in remote Australia conceive
sustainability differently in relation to water and
wastewater systems?

Important differences between user groups in remote Australia have emerged from the
pre-scoping and scoping studies, which affect their conceptions of sustainability. So
whilst the general principles, criteria and indicators shown in Figures 17-21 will apply
to a sustainable water or wastewater system at any site, the manifestation of those
criteria will be different depending on the context.
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For farmers and roadhouse operators, the water and wastewater systems at their sites are
part of the critical infrastructure necessary to run their business. For farms, this will
include an extensive network of bores, dams, storage tanks and troughs to provide water
for cattle or crops over a large area. The system is managed by the site manager and
checks on components such as bores and pumps are part of the day-to-day operations of
the site. Repairs are carried out by site staff, where it is within their capacity, or else
contractors from regional centres must be used. All costs of the system must be covered
by site revenue. Water quality is self-managed, often by having rainwater tanks for
potable use and bore or dam water for stock and irrigation purposes. There is little
regulation of the water systems at these sites beyond the licensing of bores when they
are sunk.

So for farm sites, sustainable water and wastewater systems are those which are reliable;
which provide water of appropriate quality for drinking, stock and/or irrigation; which
do not require a lot of maintenance; which are affordable given business revenues;
which do not degrade water sources over time and which operate within the few
regulatory constraints placed on them.
For roadhouses and other tourism sites, the water and wastewater system is likely to
comprise of a large amenities block for visitors; numerous individual water points for
caravans and campers; water supplies to residences of permanent site staff; water
supplies to commercial food preparation premises and possibly extra sites such as a
swimming pool or irrigation systems for gardens. For these sites it is important that the
water system provides water of a quality which meets public health guidelines and
which does so reliably to ensure compliance with annual checks. The water and
wastewater systems must be able to deal with fluctuating loads so that accommodation
and therefore revenue can be maximised in peak times. Operation and maintenance of
the system is again the responsibility of the site manager, and will be carried out by staff
members the majority of the time. More complex interventions will necessitate the use
of contractors, and – as for farms – all costs need to be covered by business revenue at
the site.
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Thus for roadhouses it has emerged from the scoping study that sustainable water and
wastewater systems need to provide safe drinking water in public areas which is
palatable and complies with annual checks; they must be reliable; they must be able to
deal with significant fluctuations in demand throughout the year; they must be within
the financial constraints of the business to operate and maintain; they must not degrade
the water source and they must be within the capacity of site staff to operate and
maintain the majority of the time.

For remote Indigenous communities, water and wastewater systems are also critical
infrastructure, for the purpose of enabling them to live where they want. The system
will likely comprise of a source and treatment point, a centralised elevated tank to
provide pressure for the system, then reticulation to individual properties within the
community. In some cases there may also be individual or community rainwater tanks
to collect water. There might be irrigation for a school oval or playing field, and there
will be some sort of fire-fighting infrastructure.

There is much greater variability in terms of operation, maintenance and funding for
indigenous communities than there is for farms and roadhouses. Responsibility for the
system may lie with a community council, resource agency, PWC or with residents of
the site itself. Funding for different components of water and wastewater systems may
come from the Federal or Territory government; from PWC or from contributions by
residents (or a combination of these). The capacity at the site to carry out operation and
maintenance will also vary significantly.

It is therefore difficult to make generalisations about sustainable water and wastewater
systems for Indigenous communities, and the following statements are all qualified by
the need for a consideration of the circumstances at individual sites. Systems must be
affordable for the community and ongoing funds must be available for operation and
maintenance. Systems must protect the health of the community and the long-term
viability of the source by not over-exploiting it. They must meet the needs of the
community and any regulatory requirements to which they are subject. Responsibility
for operation and maintenance of the systems must be clearly defined and those
activities must be within the capacity of those assigned to carry them out.
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4.3 Development of SustainabilitySustainability-Oriented
MultiMulti-Criteria Technology Assessment
Framework
From the broad water systems sustainability focus of the scoping study, attention turned
to focusing on the drivers which make a technology sustainable in remote Central
Australian settings. The five dimensions of water systems sustainability presented in
4.2.6 work together to create a system which is sustainable overall. The physical
technologies are only one component of a sustainable system; however the focus of the
thesis at this point turns to those technologies. It was clear from the scoping study that
some technologies worked well in remote settings, whilst others did not. Other
technologies worked well for some user groups or specific sites, but not for others.

4.3.1

Identification of Criteria

As described in Chapter 3, all points raised by respondents relating to attributes of
technologies were identified by re-analysing any responses coded under the ‘technical’
parent node. They were sorted, combined into single attributes where possible and
duplicates were removed. Even after this process, a large number of attributes (106 in
total) were identified, all of which are listed in Table 23.
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Table 23. All Technology Attributes mentioned in Pre-Scoping and Scoping
Acceptance of technology

Cost of fixing something versus cost of replacing it

Initial costs

Protection against misuse

Accreditation of contractors in technology - design,
install/maintain
Adaptability to different source water / seasonal variations

Cost of getting in outsiders if more complicated work is
necessary
Cost of spare parts

Ongoing costs - ensure ALL costs are considered, lifecycle
costing
Instructions available which are understandable (in language
if necessary)
Interaction with other equipment

Quality of water put out - palatability

Requirements for operation of whole system e.g. open roof
space for rainwater tanks, pump
Resource conservation – avoidance of waste

Safety (health) of consuming outputs

Community choice of technology

Cost-effectiveness

Availability / proximity of suppoty if more complicated work
necessary
Amount of basic versus more complicated maintenance

Deals with appropriate quantities of water

Appropriate to site needs - suitability in output, quality

Deals with population absences

Reference materials available to accompany technology adequacy
Reliability

Attitude of funders to technology

Impact of power requirements on existing energy system

Interaction with water sources - cross-contamination,
demand load
Investment made in existing technologies – if just overhauled
unlikely to upgrade / change.
Knowledge amongst community members of maintenance
required.
Labour reductions

Auto switch-off to prevent over-consumption

Demand on power system

Lifetime cost

Safety of technology to operate and maintain

Affordability

Design appropriate for use requirements

Local environment required for technology

Service life

Capacity (& willingness) of resource agency / outstation
manager / crew / resident to maintain vs requirements

Distance of community from regional centre

Maintenance requirements – frequency, complexity, effects / Robustness – ability to survive without much maintenance,
consequences of not maintaining, skills required, manpower, ability to withstand effects of poor water quality, ability to
knowledge, time, need for contractors, warranty conditions
withstand environmental conditions, use of appropriately
hardy materials
Means of disposal of waste / alternative uses for waste
Small size, compactness

Deals with fluctuating loads

Similarity to existing techs

Availability of demonstration system

Effects of technology are seen / quantifiable

Availability of funding / rebates / subsidies

Efficiency (if it needs power)

Meets demands of site (load) – long term and short term

Suitability to needs at site

Availability of ongoing support

Encourages conservation/ demand management

Motivation / ability of community members to maintain

Suited to existing infrastructure - any changes required?

Awareness / knowledge of technology

Environmental impact of waste & monitoring of impact

Technologies being used by others – influences availability
of spare parts, expertise available
Time to recoup investment

Backup for technology if it fails

Extra components needed

Need for technology - Is improvement generated significant
enough to warrant cost / effort?
Need for backup

Benefits technology will bring

Failure rates

Need to install correctly

Total cost over service life

Availability of all spares / replacements

Familiarity

New demand placed on knowledge base

Treatment only of amounts of water needed - ability

Capable of treating outback water - range of input qualities

Fits with existing use patterns

Not designed for use in urban areas (grid connection)

Understanding of how technology works

Can deal with loads - seasonally variable, heavy short term
loads
Community attitudes to technology

Fixable on site

Observed effectiveness – does it make a difference that is
noticed?
Installation requirements & checking (against standard?)

User interface with technology - nature and what they can
change.
Warranty - existence and requirements

Advice / recommendation of someone trusted / known, with
experience of desert conditions
Complete package

Generate savings in maintenance caused by poor water
quality
Health risks of outputs of technology

Waste generated by technology - amount, chemical content

Complexity: hi- or low-tech

Impact of breakdown / outages

Operation requirements – addition of fuel, degree of
automation, need to switch on/off, cleaning
Performance compared to alternatives – costcompetitiveness
Power requirements / energy consumption

Has been trialled in the desert

Compliance with institutional requirements (checks required) Degree of centralisation (associated risks / benefits) and
simplicity
Consequences of not doing maintenance
Independence (e.g. own power supply, for outstations that
get cut off by flooding)
Cost in relation to business income (affordability)
Information available about technology during selection
process (independent / unbiased)

Withstand extreme temperatures
Withstand poor water quality

Presence of someone with ability to fix low-cost /
Withstands seasonally variable loads
discretionary items
Presence of staff members with necessary skills or ability to Withstands short term heavy loads
learn
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Keeping in mind Foxon et al’s list of desirable characteristics for criteria – that they be
comprehensive, applicable, transparent, tractable and practicable (2002, p. 294-295) –
the long list in Table 23 may fulfil the first characteristic but it certainly fails on the last.

Further structuring (as described in Chapter 3) was therefore carried out to reduce the
number of criteria to be included in the MCA. The resulting brainstorm tree is shown in
Figure 23. The attributes of technologies mentioned fell into the same five dimensions
as had emerged for overall systems sustainability.

As described in Chapter 3, this value tree aligned to the structure of sustainability
criteria and indicators from Figure 7 in the literature review and thus the sub-branches
of each of the sustainability dimensions became the criteria to be used in the multicriteria analysis.
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Figure 23. Brainstorm tree of technology attributes
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4.3.2

Weighting of Criteria

The criteria were then weighted using the 4 weighting methodologies described in
Chapter 3. The results are described below.

4.3.2.1

Weighting Method 1: Telephone Survey

The response rates for the phone survey are shown in Table 24. The response rates were
considered acceptable for the farm and roadhouse / tourism category, with 35% of the
farm population participating in the survey and 44% of the roadhouses or tourism sites
identified. The response rates for remote Indigenous communities (RICs) were not
good, with only three out of the 24 available sites participating in the survey (13%).

Table 24. Responses by category
Category

Total

Completed

Response

Population

survey

rate

Farms

79

28

35%

Roadhouses / Tourism

16

7

44%

Indigenous Communities

24

3

13%

TOTAL

119

38

32%

The average score given to each criterion across all three user groups ranged between 6
and 9. This means that all criteria were seen as being moderately important or greater,
which is a good indication that the list of criteria was reflective of the values placed
upon technology selection by those in remote communities. The ranking of criteria by
each of the user groups is shown in Table 25 on the next page.
The ability to meet demands during busy times was ranked highest or equal highest by
all the user groups. The need for a technology to be robust and reliable was ranked
equal first or second by all groups, and maintenance requirements were ranked equal
first, second or third by all groups. From that point on, the results diverge with some
interesting differences emerging between the user groups.
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Table 25. Ranking of criteria by user groups from telephone survey
Criterion

Farm

Tourism

RIC

Demand during busy times

1

1

1

Robust and reliable

1

2

1

Maintenance requirements

3

2

1

Easy to understand

5

10

1

Safe to operate

4

7

7

Complete package

9

10

1

Ongoing costs

6

5

9

Environmental efficiency

12

9

1

Initial costs

6

6

11

Operational requirements

10

4

9

Social benefits

8

8

11

Government regulations

13

12

7

Minimal waste

11

13

13

The small number of respondents in the Indigenous Community category meant that a
number of criteria were ranked equal first, as all were rated as ‘very important’ by all
the respondents.

Table 26. Normalised weightings (Weighting Method 1) from telephone survey
Criterion

Farm

Tourism

RICs

Robust and reliable

0.0908

0.0855

0.0846

Maintenance requirements

0.0857

0.0855

0.0846

Operational requirements

0.0727

0.0850

0.0721

Complete package

0.0741

0.0715

0.0846

Demand during busy times

0.0908

0.0883

0.0846

Social benefits

0.0755

0.0752

0..0658

Easy to understand

0.0777

0.0715

0.0846

Safe to operate

0.0806

0.0771

0.0784

Government regulations

0.0617

0.0659

0.0784

Minimal waste

0.0719

0.0603

0.0596

Environmental efficiency

0.0644

0.0719

0.0846

Initial costs

0.0770

0.0799

0.0658

Ongoing costs

0.0770

0.0827

0.0721
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4.3.2.2

Weighting Method 2

As described previously, this second weighting was carried out in order to magnify the
differences between the criteria as ranked by respondents. The high level of importance
placed on all criteria was a positive in that it reflected the suitability of those criteria to
the situations under consideration. However, it meant that differentiation based on
relative importance was difficult. The results in Table 27 have not changed the order in
which criteria were ranked by respondents, but have magnified the differences between
those criteria in order to get a result from the technology assessment process.

Table 27. Weighting Method 2 results
Criterion

Farm

Tourism

RICs

Demand during busy times

89.0

89

73

Robust and reliable

89.0

44.5

73

Maintenance requirements

29.7

44.5

73

Easy to understand

17.8

8.9

73

Safe to operate

22.25

12.71

10.43

Complete package

9.89

8.9

73

Ongoing costs

14.83

17.8

8.11

Environmental efficiency

7.41

9.89

73

Initial costs

14.83

14.83

6.64

8.9

22.25

8.11

11.125

11.125

6.64

Government regulations

6.85

7.41

10.43

Minimal waste

8.10

6.85

5.62

Operational requirements
Social benefits

4.3.2.3

Weighting Method 3

This gave a weight of 0.0769 for each criterion, as per Table 28 over the page.

138

Table 28. Weighting Method 3 results
Criterion

Farm

Tourism

RICs

Demand during busy times

0.0769

0.0769

0.0769

Robust and reliable

0.0769

0.0769

0.0769

Maintenance requirements

0.0769

0.0769

0.0769

Easy to understand

0.0769

0.0769

0.0769

Safe to operate

0.0769

0.0769

0.0769

Complete package

0.0769

0.0769

0.0769

Ongoing costs

0.0769

0.0769

0.0769

Environmental efficiency

0.0769

0.0769

0.0769

Initial costs

0.0769

0.0769

0.0769

Operational requirements

0.0769

0.0769

0.0769

Social benefits

0.0769

0.0769

0.0769

Government regulations

0.0769

0.0769

0.0769

Minimal waste

0.0769

0.0769

0.0769

4.3.2.4

Weighting Method 4

The results of weighting method 4 are shown in Table 29.

Table 29. Weighting Method 4 Results
Dimension

Technical

Social

Institutional
Environmental

Economic

Criterion

Weight

Demand during busy times

0.04

Robust and reliable

0.04

Maintenance requirements

0.04

Complete package

0.04

Operational requirements

0.04

Easy to understand

0.0667

Safe to operate

0.0667

Social benefits

0.0667

Government regulations

0.2

Minimal waste

0.1

Environmental efficiency

0.1

Initial costs

0.1

Ongoing costs

0.1

Sum

0.2

0.2

0.2
0.2

0.2
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4.3.3

Overall MCA Framework

The resultant MCA framework for the technology assessment is shown in Table 30.
This framework provides the ‘answer’ to the third research question posed in Chapter 2:

Using conceptualisations of sustainability as an input,
can a sustainability-oriented MCA framework for
assessment of water and wastewater technologies be
developed?

Table 30. Framework for Sustainability Multi-Criteria Assessment of Water and Wastewater
Technologies
Category

Criterion
Robust and reliable

Maintenance requirements

Indicator/s
Warranty
Expected service life
Frequency
Complexity

Technical

Social

Institutional

Operational requirements

What does the unit require to operate?

Complete package

What else is required for it to work?

Demand during busy times

Variability in input handled

Social benefits

Health or other benefits to users

Easy to understand

Is the unit easy to understand?

Safe to operate

Risk of harm when operating the unit

Government regulations

Compliance with regulations

Minimal waste

Nature of waste and disposal mechanism

Environmental
Environmental efficiency

Initial costs
Economic
Ongoing costs

Resource consumption, converted to input /
output ratio for MCA scoring
Purchase cost, converted to cost per litre
produced / EP treated for MCA scoring
Operation and maintenance costs, converted to
cost per day for MCA scoring
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4.4 MultiMulti-Criteria Assessment
Using the framework developed from the pre-scoping and scoping studies and the
telephone survey carried out, the assessment of technologies was undertaken.

4.4.1

Performance of Water Technologies

The telephone survey of technology manufacturers described in Chapter 3 yielded the
results shown in Table 31 for water treatment technologies.

There are limitations to the use of a telephone survey of manufacturers to evaluate
performance. Each manufacturer would obviously have a vested interest in presenting
their product in the best possible light, and there was no ability to check the validity of
their claims in relation to product performance. This methodology was chosen given the
time and budgetary constraints associated with the research. Extensive in-situ testing of
performance of each of the technologies considered was beyond the scope of this
project, but would be valuable in the future to meet the need for ‘quantifiable facts and
figures’ relating to comparative performance (Malmqvist & Palmquist 2005).
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Table 31. Performance Matrix for Water Treatment Technologies
Criterion

Indicator

750 BWE

2000 BWE

RO2000E-LP

2TM

Robust and

Warranty

None

None

1 year on components

1 year on components

1 year warranty

reliable

Service life

Membranes 3-5 years

Membranes 3-5 years

Membranes 3-5 years

Membranes 3-5 years

Membranes 5-6 years

Maintenance

Frequency

Depends on water

Depends on water

Depends on water

Depends on water

Judge from output of

quality. Clean by

quality. Clean by

quality. Pre-treatment

quality. Pre-treatment

machine when to clean

cycling through with

cycling through with

will be designed

will be designed

or replace membranes.

chemicals.

chemicals.

appropriately.

appropriately.

Owner

Owner

Sent back to Abtech

Sent back to Abtech

or cleaned by owner.

or cleaned by owner

requirements

Who can
perform?

Technical

RO1000E-LP

Fine to do on site.

Operational

What does the

Power supply, regular

Power supply, regular

Power for pump.

Power for pump.

Power for pump. Can

requirements

unit require to

checks of flow meters

checks of flow meters

Solar power can be

Solar power can be

operate from a float

operate?

and gauges

and gauges

provided.

provided.

switch in product tank.

Complete

What else is

Cleaning chemicals,

Cleaning chemicals,

Cleaning kit, spare

Cleaning kit, spare

Consumables package

package

required for it

somewhere to store

somewhere to store

set of membranes,

set of membranes,

(for 12 months).

to work?

output water and

output water and brine

brine disposal and

brine disposal and

Storage for water and

water storage

water storage

brine disposal

brine
Demand

Variability in

Requires a constant

Requires a constant

Max feed rate

Max feed rate

Needs to have water in

during busy

input handled

supply of water. High

supply of water. High

5.1L/min, design

12.3L/min, design

it. Design output

temperatures (>35C)

temperatures (>35C)

output 1,000L/day.

output 2,000L/day.

2,000L/day.

are a problem.

are a problem. Design

Feed pressure 200-

Feed pressure 200-

Design output

output 2,000L/day.

700kPa. Input water

700kPa. Input water

temp 10-45ºC.

temp 10-45ºC.

times

750L/day.
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Table 31 (continued). Performance Matrix for Water Treatment Technologies
Criterion

750 BWE

2000 BWE

RO1000E-LP

RO2000E-LP

2TM

Health or

Improved water

Improved water

Improved water

Improved water

Improved water

other benefits

quality – reduced

quality – reduced

quality – reduced

quality – reduced

quality – reduced

to users

salts

salts

salts

salts

salts

Easy to

Is the unit

Yes. Come with a

Yes. Come with a

Yes – with Abtech

Yes – with Abtech

Yes. No support

understand

easy to

comprehensive

comprehensive

support which is

support which is

mentioned.

understand?

manual and log sheet.

manual and log sheet.

ongoing. Log sheet

ongoing. Log sheet

provided.

provided.

Social

Social benefits

Indicator

Safe to operate

Risk of harm

As safe as any RO

As safe as any RO

Pretty safe, there is

Pretty safe, there is

Safe as cleaning of

when

system

system

electricity

electricity

membranes is carried

operating the

out in situ so no

unit

contact with citric

Institutional

acid.
Government

Compliance

Up to property owner

Up to property owner

N/A – up to property

N/A – up to property

N/A – up to property

regulations

with

to seek approvals

to seek approvals

owner

owner

owner

regulations

required

required

Nature and

Brine, disposal up to

Brine, disposal up to

Brine, disposal up to

Brine, disposal up to

Brine, chemical

disposal

property owner

property owner

property owner

property owner

cleaning waste.

Environmental

Minimal waste

mechanism
Environmental

Resource

Motor is 0.37kW for

Motor is 0.37kW for

Motor is 0.5kW for

Motor is 0.75kW for

Motor is 0.37kW for

efficiency

consumption

750L/day

1,000L/day

1,000L/day.

2,000L/day.

2,000L/day.

Recovery 10-50%.

Recovery 10-50%.
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Table 31 (continued). Performance Matrix for Water Treatment Technologies
Criterion
Initial costs

Indicator
Purchase cost

750 BWE
$3,000-$5,000

2000 BWE
$7,000-$9,500

RO1000E-LP
$3,000-$9,000

RO2000E-LP
$5,000-$12,000

2TM
$5,000 with pre-

Economic

treatment extra ($900
for sand filter)
Ongoing costs

Operation and

Dependent on water

Dependent on water

Depend on water

Depend on water

Totally depends on

maintenance

quality

quality

quality and

quality and

maintenance and

maintenance

maintenance

water quality.

costs
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4.4.1.1

Discussion of Water Treatment Technologies
Technologies

Since all the technologies considered for this part of the research were reverse osmosis
units, there was not a huge spread in the performance of the five units considered. They
ranged in output capacity from 750-2,000L of desalinated water per day. The warranties
offered were a maximum of one year and the expected service life for the membranes
was up to 6 years.

With any reverse osmosis unit, performance will be very dependent on the water quality
to be treated. Therefore some of the questions such as the frequency of maintenance,
nature of waste produced and magnitude of ongoing costs were difficult to answer
without a specific water quality analysis being provided. Again, in-situ testing and
comparison of the units would allow for better quantitative data relating to performance
to be measured.

The nature of reverse osmosis is such that the membranes do not cope well with being
left dry for extended periods of time. None of the units included in the technology
survey were modular i.e. they could not be easily added to or reduced in size to vary
output. Therefore the performance in terms of dealing with population variability or
absences was not great for any of the units. This would require careful management in
remote settlements as population fluctuations have been seen to be a feature of them.

All of the units required a power supply, to generate the pressure required to force the
feedwater through the membrane. One manufacturer stated that this could be provided
by solar power, which may be attractive to remote users as it would not place an
additional demand on their existing power source (typically a diesel generator).
Cleaning chemicals are also required to be kept in stock by the user.

The cleaning of membranes was indicated by all manufacturers to be something that
could be done by the unit owner on-site. One manufacturer also offered the ability to
send membranes back to them for cleaning. The units were all thought to be fairly safe,
although they do have some risks by virtue of their need for power to operate and the
need to clean the membranes using acids.
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All RO units will produce a brine stream that has to be disposed of. As mentioned
above, the quality of the brine stream will depend on the quality of input water and this
will influence how it can be disposed of. It may be possible to use it for irrigation or
stock use if the salt content is not too high.

The issue of institutional regulation was not really a concern for the units themselves as
there is no specific regulation of RO units. As discussed earlier, it is the responsibility
of the site manager to provide a suitable drinking water source and if an RO unit is to be
added to achieve that then its use is the responsibility of the site manager as well.

Overall, it can be seen that for any reverse osmosis unit to operate sustainably in a
remote setting careful management would be required. Particular issues of concern are
the need to appropriately store the membranes during population absences and the need
to dispose of the brine stream produced in a manner which is not harmful to the
environment.

4.4.1.2

Results of Different Scoring Methods

As described in Section 3.3.2, three different scoring methods were used to assess the
performance of the five technologies considered for water treatment. The results of the
different scoring methods are shown in the next three graphs. NB. No weightings have
been applied to the scores at this stage.

Using Scoring Method 1, Technology E attained the highest total, performing well
particularly against the ‘robust and reliable’, ‘initial costs’ and ‘environmental
efficiency’ criteria. Technology B was the next best technology but was hampered by
being equal lowest ranked for ‘robust and reliable’ and therefore receiving a score of 0
against that criterion. Technology C was the worst performer overall, due to receiving
zero scores against a number of criterion – complete package, environmental efficiency
and initial costs.
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Score 1 for Water Treatment Technologies
Ongoing costs

Total Score

900

Initial costs

800
700

Environmental efficiency

600

Government regulations

500
400

Safe to operate

300

Social benefits

Minimal waste

Easy to understand

Demand during busy times

200

Complete package

100
0

Operational requirements

A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 24. Score 1 for Water Treatment Technologies

A similar pattern is seen in Figure 25, which shows the results for Scoring Method 2.
This method did not assign zeros to the lowest performing technology against each
criterion – rather they were assigned a percentage of the performance of the best ranked
technology. This meant that the spread of scores was reduced, with the technology’s
relative performances now closer together.

Total Score

Score 2 for Water Treatment Technologies
Ongoing costs

1000
900
800
700
600
500
400
300
200
100
0

Initial costs
Environmental efficiency
Minimal waste
Government regulations
Safe to operate
Easy to understand
Social benefits
Demand during busy times
Complete package
Operational requirements

A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 25. Score 2 for Water Treatment Technologies
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The overall ranking of technologies changed slightly. The top 3 technologies did not
change in their ranking, but Technology D moved into last position when this method
was used. This was due to Technology C not receiving as many zeros as it had using
Scoring Method 1.

Figure 26 shows the results for scoring method 3, which gave scores based on ranking
from 1 to 5. This means that both the magnitude and spread of the scores is less than for
Scoring Methods 1 and 2. It also saw Technology B move into the top spot by a single
point over Technology E, due to there being less variation in scoring against each
criterion. This could be taken as an indicator that Technology B is a more consistent
performer. Technology C was ranked last again due to the number of scores of 1 it
received for being the lowest ranked against a number of criteria.

Score 3 for Water Treatment Technologies
Ongoing costs

Total Score

40

Initial costs

35

Environmental efficiency

30

Minimal waste

25

Government regulations
Safe to operate

20

Easy to understand

15

Social benefits

10

Demand during busy times
Complete package

5

Operational requirements

0
A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 26. Score 3 for Water Treatment Technologies

4.4.2

Performance of Wastewater Technologies

The results of the telephone survey of manufacturers are shown in Table 32 for
wastewater treatment technologies.
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Table 32. Performance Matrix for Wastewater Treatment Technologies
Technology Name and Treatment Mechanism

Criterion
Robust and

Indicator
Warranty

Ozzi Kleen RP10

Novaclear 10EP

Novaclear 10EP w/Cl

Advantex AX 20

Envirocycle 10NR

Aerobic + chlorination

Membrane bioreactor

MBR with chlorination

Packed bed

Aerobic + UV

Tank: 15 years

Tank: 15 years

5 years, subject to

Structure and fittings:

Membranes: 3 years

Membranes: 3 years

maintenance by an

15 years

Electrical: 2 years

Electrical: 2 years

approved agent

Electrical: 1 year

Tank: 35 year

Tank: 35 year

20 years

Structure and fittings:

Membranes: 15 years

Membranes: 15 years

20 years

Electrical: 15 years

Electrical: 15 years

Electrical: 5 years

Every 4 months (first

Every 4 months (first

Maintenance

12 months included

12 months included in

frequency 6

in purchase price)

purchase price)

months initially.

Tank: 25 years

reliable

Service life

Maintenance

Frequency

30 years

Every 3 months

Technical

requirements

Every 3 months.

Who can

Ozzi Kleen personnel or

Currently in NT can

Currently in NT can

Trained personnel.

AWTS staff or local

perform?

someone trained by

only be performed by

only be performed by

Monitoring system

technician.

OzziKleen & certified to

distributors in

distributors in

as well. Can just be

do maintenance

Katherine and

Katherine and Darwin.

on-site alarms.

themselves.

Darwin.
Power for air blower.

Power for air blower.

Power,

Can't handle

Chlorine.

communication

chemicals that kill

costs (landline or

bacteria. Power for

GSM) if remote

aerator pump &

monitoring selected

irrigation pump.

Operational

What does

Power. Can be solar

requirements

the unit

powered if 2.6V can be

require to

supplied on kick-in.

operate?
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Technical (continued)

Table 32 (continued). Performance Matrix for Wastewater Treatment Technologies
Criterion

Indicator

Ozzi Kleen RP10

Novaclear 10EP

Complete

What else is

Power, irrigation dispersal

package

required for

mechanism. May require

irrigation. Operates

it to work?

addition of blood and

automatically, should

bone or sugar to correct

not require any

pH.

adjustments.

Power.

Novaclear 10EP w/ Cl
Power, chlorine.

Advantex AX 20

Envirocycle 10NR

Monitoring system

Power, connection to

Demand

Variability

Has a 1000L buffer tank

5000L tank capacity

5000L tank capacity

Can have no input

Could handle 12

during busy

in input

to handle 'shock loads'.

(1500L buffering in

(1500L buffering in

for up to 6 months

people for a couple of

times

handled

Can't really deal with

primary chamber),

primary chamber),

days. Couldn't handle

prolonged absences.

designed to recycle

designed to recycle

a permanent load of

2200L/day

2200L/day

15 people.

Social benefits

Health or

Increased water

Increased water for

Increased water for sub-

other

availability for irrigation

sub-surface irrigation

surface irrigation & in-

availability for

house use.

irrigation & possibly

benefits to

Water for irrigation

Social

users

Increased water

internal use.

Easy to

Is the unit

Yes. Anyone can do the

Yes, operation is very

Yes, operation is very

Operation is easy.

Has an alarm for

understand

easy to

OzziKleen training and be

simple BUT you have

simple BUT you have

Maintenance can

faults and

understand?

ticketed to do the

to be trained in

to be trained in

be trained.

troubleshooting

maintenance.

maintenance.

maintenance.

Pretty safe

Very safe. Not much

Very safe. Chlorine

that can go wrong.

must be added. Not

little that can go

operating

much that can go

wrong other than

the unit

wrong.

pump failure.

Safe to operate

Risk of
harm when

guide.
Very safe.

Very safe, there is
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Table 32 (continued). Performance Matrix for Wastewater Treatment Technologies

Institutional

Criterion

Environmental

Ozzi Kleen RP10

Novaclear 10EP

Novaclear 10EP w/ Cl

Advantex AX 20

Envirocycle 10NR

Government

Compliance

Approved for use in NT,

Approved for use in

Approved for use in

Seeking approval

Approved for use in

regulations

with

SA.

NT, SA.

NT, SA.

in WA and NT

WA, SA.

regulations
Minimal waste

next year

Nature and

No pump-out should be

disposal

required.

No pump out

No pump out

mechanism

Needs to be de-

May need to be

sludged every 8-10

pumped out after 8

years

years, depending on
maintenance

Environmental

Resource

1.5V for pump when

efficiency

consumption

constant.

Initial costs

Economic

Indicator

240V pump

$9,000

240V pump

$10,000

Recirc pump is

Depends on the

4.1A, effluent

nature of the site and

pump is 3.9A. 8A

type of irrigation

if both running.

pump required.

$16-17,000

$10,000

Purchase

$5,720 for secondary

cost

treatment only, $7,120 for

installed (also

RP10ASF (with sand

includes some drip

filtration). Installation &

line installation)

irrigation extra.
Ongoing costs

Operation &
maintenance

25c per day power.

82c per day power,

82c per day power,

Monthly power

$200 service

$200 service

cost $1.50-$2.50

50c per day

costs
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4.4.2.1

Discussion of Wastewater Treatment Technologies

The five on-site wastewater treatment units included in the analysis represented a wider
range of technologies. All were designed to treat a population of 10 people.

The warranties offered on the units varied in duration depending on the component they
related to. Structural components such as tanks were given the longest warranty (up to
25 years), whilst electrical components got as little as 1 year. This reflected the variation
in expected service life, with tanks expected to last as long as 35 years and electrical
components from 5 to 15 years.

All the units require regular maintenance checks, at frequencies ranging from every 3 to
every 6 months. Some companies offer training to owners to carry out maintenance
themselves, whilst others rely upon a service network of trained technicians. This point
is an important one in the case of remote systems sustainability, as if a technician has to
come twice a year to a remote location there would be substantial costs involved.

All manufacturers felt that operation of the units was straightforward, with only
maintenance requiring additional training. They were also all considered to be safe to
operate.

All units required power and some required additional items to operate, such as
chlorine, blood and bone and communication infrastructure if set up to be remotely
monitored.

The ability of the units to deal with variable loads was, as for the water units, an area in
which the realities of remote communities differ from the design capability of the units.
All had some ability to ‘buffer’ sudden influxes. However none could deal adequately
with the increases of up to 500% in population which were identified as occurring in the
scoping section.

Each of the units would deliver water of a quality suitable for sub-surface irrigation.
Sub-surface irrigation was not found to be prevalent in the pre-scoping and scoping
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studies, therefore this would have to be installed in most cases. Some of the units also
included a disinfection option (chlorine or ultraviolet light) which opens up the
possibility that the treated wastewater could be used for non-potable purposes indoors.

Institutional approval for the installation of the units in the Northern Territory and the
states home to other large remote populations (WA and SA) varied a lot between the
units. Some units had been approved for the NT and SA, others were seeking approval
in the near future.

Most of the units offered a clear advantage over septic tanks in that they did not need to
be pumped out on a regular basis. Two manufacturers stated that their units may require
pump-out or de-sludging after about 8 years, depending on the maintenance regime
followed.

The costs of the units varied considerably, from around $6,000 (Ozzi Kleen without
sand filtration and not installed) to $16,000 (AX20 installed and with some drip
irrigation). Owners would need to obtain more precise costing on delivery and
installation to make a valid comparison of the units on price. Resource consumption in
terms of power consumed also varied between the units.

4.4.2.2

Results of Different Scoring Methods

The results of Scoring Method 1, as shown in Figure 27, reflected the top ranking
performance of Technology A against a number of criteria – including operational
requirements, compliance with government regulations and initial costs. Technology D
was the worst performer, ranking lowest against environmental efficiency, waste
produced, social benefits, meeting demand during busy times and so on.

There was a large spread of scores when using this method, due to the assignment of
zeros for the worst performer against any criterion. There was a less even spread of
scores than was seen for the water treatment technologies, reflecting the range of
wastewater treatment technologies considered and the broader range of performance.
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Score 1 for Wastewater Treatment Technologies
Ongoing costs

Total Score

1000
900
800
700
600
500
400
300
200
100
0

Initial costs
Environmental efficiency
Minimal waste
Government regulations
Safe to operate
Easy to understand
Social benefits
Demand during busy times
Complete package
Operational requirements

A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 27. Score 1 for Wastewater Treatment Technologies

As for water treatment technologies, Scoring Method 2 has the effect of reducing the
spread of performance as shown in Figure 28. The order of the technologies has not
changed at all but the difference in score between Technology A and Technology E has
reduced.

Score 2 for Wastewater Treatment Technologies
Ongoing costs

1200

Initial costs
Environmental efficiency

1000
Total Score

Minimal waste

800

Government regulations
Safe to operate

600

Easy to understand
Social benefits

400

Demand during busy times

200

Complete package
Operational requirements

0
A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 28. Score 2 for Wastewater Treatment Technologies
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And again, Scoring Method 3 reduces both the magnitude and spread of the scores, as
shown in Figure 29. It also does not affect the order of the technologies at all.

Score 3 for Wastewater Treatment Technologies
Ongoing costs

Total Score

45

Initial costs

40

Environmental efficiency

35

Minimal waste

30

Government regulations

25

Safe to operate

20
15

Easy to understand
Social benefits
Demand during busy times

10
5

Complete package
Operational requirements

0
A

B

C

D

E

Maintenance requirements
Robust and reliable

Technology

Figure 29. Score 3 for Wastewater Treatment Technologies

4.4.3

MultiMulti-Criteria Assessment of Water

Treatment Technologies
The results of the linear additive multi-criteria assessment of water treatment
technologies are presented and discussed in this section. The identities of the
technologies have now been hidden and they have been assigned randomly to letters A,
B, C, D and E. The results are presented for each of the four different weightings
applied to the criteria, as described in Section 3.2.2. The technologies are ranked from 1
(best) to 5 (worst) according to which has performed best in the MCA analysis for that
user group with the applied weighting.
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4.4.3.1

Weighting 1

The results of the MCA for water treatment technologies using Weighting 1 for
different user groups and technologies are shown in Table 33. Weighting 1 represented
the results from the telephone survey of user groups to rank the importance of each
criterion, normalised to total 1.

Table 33. Rankings of water treatment technologies using Weighting 1
Technology Wt1Sc1
A
5
B
2
C
4
D
3
E
1

Farmers
Wt1Sc2 Wt1Sc3
5
4
3
1
4
5
2
3
1
2

Avg.
5
2
4
3
1

Technology Wt1Sc1
A
5
B
2
C
4
D
3
E
1

Tourism
Wt1Sc2 Wt1Sc3
5
4
3
2
4
5
2
3
1
1

Avg.
5
2
4
3
1

Technology Wt1Sc1
A
4
B
2
C
5
D
3
E
1

RICs
Wt1Sc2 Wt1Sc3
4
4
2
1
5
5
3
3
1
2

Avg.
4
2
5
3
1

In general, technology E was the best performer across all the different user groups.
Technology B was consistently rated the second best performer and Technology D the
third best. This result was interesting because it showed that even with the differences in
weighting between the different user groups, the same technologies emerged at the top
of the rankings.

The main difference that emerged between the groups was that for Indigenous
communities, technology C was ranked 5th for every scoring method. For farmers and
tourism sites, technology A was more often ranked last. Technology ‘A’ scored well
against the ‘complete package’ indicator which was ranked as important by Indigenous
communities.
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4.4.3.2

Weighting 2

The results using Weighting 2 are shown in Table 34. Weighting 2 was designed to
exaggerate the differences between the user groups.

Table 34. Rankings of water treatment technologies using Weighting 2
Technology Wt2Sc1
A
5
B
4
C
3
D
2
E
1

Farmers
Wt2Sc2 Wt2Sc3
5
5
4
3
3
4
2
2
1
1

Avg.
5
4
3
2
1

Technology Wt2Sc1
A
5
B
3
C
4
D
2
E
1

Tourism
Wt2Sc2 Wt2Sc3
5
5
4
3
3
4
2
2
1
1

Avg.
5
3
4
2
1

Technology Wt2Sc1
A
4
B
2
C
5
D
3
E
1

RICs
Wt2Sc2 Wt2Sc3
4
3
1
1
5
5
3
4
2
2

Avg.
4
1
5
3
2

For farmers and tourism sites, Technology E was again the best performer. It was
ranked top for both user groups regardless of the scoring mechanism used. Technology
D was consistently ranked 2nd for both these groups – a change from the result for
Weighting 1 where Technology B was in second place. Technology A was again ranked
last for both these groups, irrespective of scoring mechanism.

Therefore Weighting 2 did not have a significant impact in altering the results between
tourism sites and farmers. However, these two groups ranked the criteria in a similar
manner as shown in Table 25.

There was a difference seen in the ranking of technologies for remote Indigenous
communities. Technology B was ranked first or second for all three different scoring
methods. It scored well against criteria such as ‘easy to understand’ and environmental
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efficiency which were ranked highly by respondents in the telephone survey.
Technology E’s overall good performance saw it ranked second in this group.

Technology C’s poor performance in the categories of being a complete package and
environmental efficiency saw it ranked lowest out of the technologies for this user
group.

4.4.3.3

Weighting 3

The results using Weighting 3 are shown in Table 35. Weighting 3 was equal for all
criteria and therefore there are no differences between the user groups. This weighting
should therefore give an indication of the best ‘overall’ technology.

Table 35. Rankings of water treatment technologies using Weighting 3

Technology
A
B
C
D
E

Wt3Sc1
4
2
5
3
1

Wt3Sc2
5
2
4
3
1

Wt3Sc3
4
1
5
3
2

Avg.
4
2
5
3
1

The differences in ranking using this weighting reflect the differences in outcomes from
the different scoring procedures. Since each score has simply been multiplied by a
constant, the ranking of technologies using weighting 3 is the same as the ranking of
technologies using the raw scores alone.

Therefore using Scores 1 and 2, Technology E is the best performer and Technology B
is ranked 2nd. Using Score 3 these results are reversed. Technology D was ranked 3rd
irrespective of scoring mechanism and there were some differences as to whether
Technology A or C was ranked lowest.

The average results, obtained by adding the three rankings and dividing by 3, suggest
that Technology E is the overall best performer. This mirrors the results seen when
using Weighting 1 and Weighting 2, in the case of farmers and tourism sites.
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4.4.3.4

Weighting 4

The results using Weighting 4 are shown in Table 36. Weighting 4 was equal for all
sustainability dimensions so again there are no differences between the user groups.
This weighting should therefore give an indication of the technology which performs
best across the all aspects of water systems sustainability.

Table 36. Rankings of water treatment technologies using Weighting 4

Technology
A
B
C
D
E

Wt4Sc1
4
1
5
3
2

Wt4Sc2
4
1
5
3
2

Wt4Sc3
4
1
5
3
2

Avg.
4
1
5
3
2

Interestingly, the best performer across all 3 scoring methods is Technology B. It scored
highly against both environmental indicators (waste produced and resource
consumption), which had a ranking of 0.1 each. This allowed it to rank higher than
Technology E, which scored highly in the technical indicators of which there were 5 –
reducing the weighting they received to 0.04.

Technology C was the lowest ranked across all scoring methods due poor performance
against the ‘initial cost’ and resource efficiency indicators (which both had a weighting
of 0.1).

4.4.3.5

Comparison of All Weighting Results

A summary table showing the best performing water treatment technology for each of
the score / weighting / user group combinations is shown in Table 37.

Table 37. Summary Table of Best Performing Water Treatment Technology

Weight 1
Farmers Tourism
Score 1
E
E
Score 2
E
E
Score 3
B
E

RICs
E
E
B

Weight 2
Farmers Tourism
E
E
E
E
E
E

RICs
E
B
B

Weight 3 Weight 4
All groups All groups
E
B
E
B
B
B
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The results presented provide the answer to the fourth research question:

Which technology performs best when the MCA
framework is applied to commercially available water
treatment technologies for remote Australia?

Table 37 shows that the most frequently highest-ranked technology across user groups
using Weightings 1, 2 and 3 is Technology E. Weighting 4 generated a different result,
ranking Technology B as the highest for every scoring method. Weighting 4 placed less
emphasis on the technical criteria which had been mentioned frequently during the
scoping study, and more on the environmental, economic, social and institutional
criteria against which Technology B scored well – ranking top in 3 out of the 8 nontechnical criteria.

The combinations involving Score 3 also tended to favour Technology B, due to the fact
that it was the overall best performer when scored this way (with no weighting applied)
whereas Scores 1 and 2 had technology E as the best performer. Technologies E and B
both performed best against 5 criteria each in total so the closeness between them in the
final results reflects this.

The differences seen between user groups were fairly limited, owing to similarities in
the ranking of criteria by the groups during the telephone survey. Even the attempt to
exaggerate those differences using Weighting 2 generated similar outcomes in terms of
technology rankings. Technology B did rank highest in some situations, most
commonly for remote Indigenous communities.

These results suggest that whilst user conceptualisations of sustainability in terms of
water systems may vary between the user groups, the attributes of technologies which
are desirable in remote settings tend to be shared.
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In such settings, of the five technologies considered, Technology E has been most
frequently ranked as the best performer due to its high scores against technical and
economic criteria. Technology B was the next best performer.

4.4.4

MultiMulti-Criteria Assessment of Wastewater

Treatment Technologies
The results for wastewater technologies are presented and discussed in this section.
Again, the identities of the technologies have now been assigned randomly to letters A,
B, C, D and E. They have been ranked from 1 to 5 according to which technology has
performed best in the MCA analysis for that user group with the applied weighting.

4.4.4.1

Weighting
Weighting 1

The ranking of technologies from the MCA using Weighting 1 for different user groups
are shown in Table 38. Weighting 1 represented the results from the telephone survey of
user groups to rank the importance of each criterion, normalised to total 1.

Table 38. Rankings of wastewater treatment technologies using Weighting 1
Technology Wt1Sc1
A
1
B
2
C
3
D
4
E
5

Farmers
Wt1Sc2 Wt1Sc3
1
1
2
2
3
3
4
4
5
5

Avg.
1
2
3
4
5

Technology Wt1Sc1
A
1
B
2
C
3
D
4
E
5

Tourism
Wt1Sc2 Wt1Sc3
1
1
2
2
3
3
4
4
5
5

Avg.
1
2
3
4
5

Technology Wt1Sc1
A
1
B
2
C
3
D
4
E
5

RICs
Wt1Sc2 Wt1Sc3
1
1
2
2
3
3
4
4
5
5

Avg.
1
2
3
4
5
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There was no variation in results generated by this weighting. Technology A
consistently emerged at the top of the rankings, Technology B second and so on down
to Technology E in 5th place. The different scoring methods had no impact on the results
and neither did the differences in weighting between the different user groups.

This result suggests a dominant performance by Technology A which outweighed any
differences between user groups. It also reflects the result that the ranking of
technologies was same by all 3 scoring methods.

4.4.4.2

Weighting 2

The results using Weighting 2 are shown in Table 39. Weighting 2 was designed to
exaggerate the differences between the user groups.

Table 39. Rankings of wastewater treatment technologies using Weighting 2
Technology Wt2Sc1
A
1
B
2
C
3
D
4
E
5

Farmers
Wt2Sc2 Wt2Sc3
1
1
2
3
3
4
4
2
5
5

Avg.
1
2
3
3
5

Technology Wt2Sc1
A
1
B
3
C
4
D
2
E
5

Tourism
Wt2Sc2 Wt2Sc3
1
2
2
3
4
4
3
1
5
5

Avg.
1
3
4
2
5

Technology Wt2Sc1
A
1
B
2
C
4
D
3
E
5

RICs
Wt2Sc2 Wt2Sc3
1
1
2
2
5
5
3
3
4
4

Avg.
1
2
5
3
4

This weighting did start to generate some minor differences between user groups and
scoring methods. However, Technology A was still dominant, ranking 1st in every
combination except for tourism sites using Scoring Method 3. Technology D ranked
first in that scenario due to good performance against the ‘demand during busy times’
criterion, ranked highly by tourism site operators (Table 3).
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Technology E was ranked last for farmers and tourism sites using each scoring method.
For remote indigenous communities it did rank last using Score 1 and fourth using
Scores 2 and 3.

4.4.4.3

Weighting 3

The results using Weighting 3 are shown in Table 40. Weighting 3 was equal for all
criteria and should therefore give an indication of the best ‘overall’ technology across
all the criteria.

Table 40. Rankings of wastewater treatment technologies using Weighting 3
Technology
A
B
C
D
E

Wt3Sc1
1
2
3
4
5

Wt3Sc2
1
2
3
4
5

Wt3Sc3
1
2
3
4
5

Avg.
1
2
3
4
5

As for the water technologies, the rankings using this weighting reflect the differences
in outcomes from the different scoring procedures – since each score has simply been
multiplied by a constant. The results here therefore reflect the consistency in ranking
between the three different scoring procedures in the case of wastewater technologies.

4.4.4.4

Weighting 4

The results using Weighting 4 are shown in Table 41. Weighting 4 was equal for all
sustainability dimensions so should therefore give an indication of the technology which
performs best across the all aspects of sustainability.

Table 41. Rankings of wastewater treatment technologies using Weighting 4

Technology
A
B
C
D
E

Wt4Sc1
1
2
3
5
4

Weighting 4
Wt4Sc2 Wt4Sc3
1
1
2
2
3
3
4
4
5
5

Avg.
1
2
3
4
5
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Again, the results show a dominant performance by Technology A, being ranked 1st
across all 3 scoring methods. Technology B was consistently ranked second and
Technology C third.

The only minor variation in ranking occurred in fourth and fifth places. Technology D
ranked fourth for Scores 2 and 3 but fifth for Score 1. It scored lowest against the
‘government regulations’ criteria, forcing a score of 0 using Score 1 and this criteria
was then weighted highly (0.2) using Weighting 4 so the overall performance of
Technology D suffered.

Technology E was ranked fifth when Scores 2 and 3 were applied. This was due to its
poor performance relative to Technology D on criteria such as environmental efficiency
and ongoing costs which both had a weighting of 0.1.

4.4.4.5

Comparison of All Weighting Results

A summary table showing the best performing wastewater treatment technology for
each of the score / weighting / user group combinations is shown in Table 42.

Table 42. Summary Table of Best Performing Wastewater Treatment Technology
Weight 1
Farmers Tourism
Score 1
A
A
Score 2
A
A
Score 3
A
A

RICs
A
A
A

Weight 2
Farmers Tourism
A
A
A
A
A
B

RICs
A
A
A

Weight 3 Weight 4
All groups All groups
A
A
A
A
A
A

The results presented in this section therefore provide the answers to the fourth research
question:

Which technology performs best when the MCA
framework is applied to wastewater treatment
technologies for remote Australia?
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Given the results previously presented it is not surprising that the performance of
Technology A is totally dominant. There was only one combination of weighting,
scoring method and user group for which it was not ranked first.

It is therefore reasonable to conclude that Technology A would be the most likely to be
sustainable out of the five wastewater technologies considered.

More detailed information regarding the performance of each of the technologies would
have assisted in carrying out the MCA. Such detail was beyond the scope of this
research, and would ideally be carried out in a field trial situation to assess performance
such as power consumption and reliability under actual conditions.

4.5 Technology Development and
Implementation Recommendations
Attention can now turn to answering the final research question in this thesis:

What recommendations can be made for technology
development and implementation for sustainable
outcomes, based on the original conceptualisation of
sustainability and the MCA results?

4.5.1

Survey Results & Discussion

As discussed in Chapter 3, the remaining survey data (other than that used for weighting
of criteria) was analysed as an input into this section. Selected results are shown in
Table 43 over the page. These results confirm that population fluctuations are a normal
part of life at remote sites, and the difference between the maximum and minimum
population at a site can be greater than 100 people. This means that the ability of water
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and wastewater systems to be ramped up and down to deal with fluctuating demands is
critical to the suitability and sustainability of these systems.

Rainwater alone is the most common source of drinking water at farms, but for
roadhouses and Indigenous communities bore water is more common. Water shortages
(for either potable or non-potable use) had been experienced by approximately one third
of farms and indigenous communities, but not by any of the roadhouses or tourism sites.
This suggests that constant supply is absolutely critical for those sites and they will
ensure that they have extra capacity when demand increases. This is likely to be linked
to the fact that these are the sites that undergo the greatest fluctuations in population
throughout the year.

Table 43. Other telephone survey results
Farms

Tourism

Indigenous
Communities

Average site population at time of survey

9

13

56

Average maximum population at site

16

160

11

Average minimum population at site

2

5

0

% of sites with a fluctuating population

96%

100%

100%

% of sites using rainwater only for drinking water

46%

0%

0

% of sites using bore water only for drinking water

36%

86%

100%

% of sites using bottled & rainwater for drinking water

0%

14%

0%

% of sites using bore & rainwater for drinking water

18%

0%

0%

% of sites who experience a shortage in potable or non-

36%

0%

33%

100%

100%

100%

36%

43%

67%

potable water
% of sites using septic tanks for wastewater treatment
% of sites with some form of water recycling in use

7

Septic tanks were the only method of wastewater treatment in use at the sites surveyed.
Forms of wastewater recycling were practiced by around half of the respondents overall,
and these were generally redirecting greywater from laundry processes onto the garden
or treated wastewater from septic tanks for the same purpose.

6

At outstations which are sometimes occupied and sometimes not.
This was generally recycling of greywater from laundries for garden irrigation, or using water from the septic tank
on the garden.
7
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Overall, the telephone survey was quite lengthy to administer, covered a number of
topics and could be made more specific if repeated in the future. The section relating to
factors influencing technology choice could (for example) be used in isolation, without
gathering all the background site information which was of interest for this project. The
survey also had a stronger water than wastewater focus in its wording, and differences
between technology choice for the two different systems could be explored i.e. which
factors are more important for wastewater versus water technologies.

4.5.2

Analysis

The MCA process has determined the highest ranked units for different user groups in
both the water and wastewater treatment categories. However this does not mean that
these units are perfectly suited for remote Australian conditions, rather it is a reflection
of their relative performance against the other units being considered.

In the case of brackish bore water treatment, the suitability of any reverse osmosis unit
will be very dependent on the precise water quality found at a site8. However, general
comments regarding their suitability to the different types of remote sites examined in
this thesis can be made.

RO units are not a low-maintenance item and they require monitoring and regular
cleaning of the membranes. If they are to be used in a remote setting it would be
important to have at least one set of spare membranes and a person who is trained in the
operation of reverse osmosis units. They must be able to recognise when the output of
the unit is dropping to a point where maintenance of the membranes and/or pretreatment is required.

The survey found that sites most likely to be using only bore water for drinking are
roadhouses and Indigenous communities. Of these, it seems more likely that roadhouses
would have the capacity to operate and maintain an RO unit. However, the large
population fluctuations that occur at roadhouse / tourism sites mean that additional RO
capacity may need to be added in peak times. The units assessed in this research are not
8

The investigation of site-specific water quality is beyond the scope of this thesis.
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modular, meaning that additional capacity cannot be easily added. Rather, extra units
would need to be purchased for the extra output required in peak time and/or storage for
purified water would need to be increased to balance out fluctuations over time.

The need for additional capacity creates an issue which also applies to indigenous
communities or outstations where the population is not always present. The RO unit and
its membranes – when not in use – must be appropriately stored, and care must be taken
when they are put back into service after a period of non-use. Again, this will require
the presence of someone with appropriate expertise when the units have to be shut down
or re-started.

Thought must also be given to whether the brine produced will be able to be used in a
non-potable application OR if it will need to be disposed of. This will depend on the
input water quality and recovery rate of the unit, as well as the non-potable demands at
the site and their quality requirements. Careful planning should be undertaken to
investigate these issues if an RO unit is being considered. If disposal is required, the
volume of brine produced can be considerable – at a 50% recovery rate, there would be
1,000L of brine produced for a unit that produces 1,000L of purified water each day.
Disposal to sewer in small remote settlements is likely to dramatically increase the load
on the existing wastewater treatment capacity and may require additional capacity to be
added.

The nature of remote potable water supplies explored in this research suggests that
reverse osmosis to improve bore water quality would only come into consideration if
rainwater tanks were not capturing adequate water for potable needs and if the cost of
RO was less than alternative such as trucking in water or sourcing a better bore.

In the case of wastewater treatment, new technologies available in the market place do
offer some advantages in terms of wastewater treatment over the existing dominant
septic tank technology. They can treat wastewater to a quality suitable for sub-surface
irrigation and, with disinfection, up to non-potable use in the household (toilet flushing
etc). They do require a power source for operation but are claimed to be fairly
straightforward to operate and in many cases the site manager or technician could be
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trained to carry out maintenance checks themselves. Most of the units do not require
pump-out to remove sludge and would therefore reduce the load on the person
responsible for the system.

There is a higher degree of regulatory complexity surrounding wastewater treatment as
the public health risks are high. Not all of the units had obtained the necessary approvals
for operation in the NT and this would obviously be necessary before they could be
considered for use.

Also, none of the units were capable of dealing with the population fluctuations which
can occur at some sites. This means that careful consideration would have to be given to
the sizing of the unit and the possibility of having a ‘back-up’ system or additional
buffering capacity in times of high demand. As for the water treatment technologies,
these units are not designed to be modular and have little capacity for dealing with extra
load. Careful planning and sizing would again be necessary and the most likely outcome
seems to be a combination of new technology to treat a fixed volume of wastewater for
irrigation or non-potable household use, backed up by existing septic tanks for times of
heavy load.

Further development of the existing water and wastewater treatment technologies on the
market could improve their performance in remote settings. Such development would
need to be focused on the following areas:
•

Modularity – allowing for extra capacity for water or wastewater treatment to
be added in times of high demand.

•

Simplicity of operation and maintenance – so that site residents could operate
and maintain the units and resolve any issues themselves, with the support of a
thorough manual and / or telephone support.

•

Robustness and reliability – the use of components that will withstand the
extremes of heat, radiation, wind and rain that can occur in remote settings.
Offering longer warranties on components would help to improve confidence in
these new technologies.
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•

Making units which are a ‘complete package’ – which come with their own
power supply (e.g. solar) so as not to place additional demand on the existing
power infrastructure at a site.

•

Regulatory compliance – particularly for wastewater systems, getting the
appropriate approvals from the Northern Territory Government to be installed
as the sole treatment mechanism at a site.

•

Environmental efficiency – minimising the amount of power or other inputs
required per kilolitre of water or wastewater treated.

•

Waste produced – particularly for reverse osmosis units, increasing recovery
rates to minimise the amount of brine produced and undertaking in-situ
investigations as to how it can be dealt with in remote settings.
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5 Conclusions
The first stage of this research has explored water and wastewater systems sustainability
for remote settlements in Central Australia. There were two research questions guiding
the exploration:

1. What do sustainable water and wastewater systems look like in remote
Australia?
2. How do different people in remote Australia conceive sustainability differently
in relation to water and wastewater systems?

The five-dimensional model of sustainability from the literature – incorporating the
conventional triple bottom line dimensions along with technical and institutional
dimensions – has been found to be applicable to Central Australian settings. Principles,
criteria and indicators for the environmental, social, economic, technical and
institutional dimensions of small systems sustainability have been identified.

In combination, the principles, criteria and indicators for each dimension provide an
overall model of sustainability for water and wastewater systems in small remote
settlements. This model can be used to:
•

Assess the sustainability of existing water and wastewater systems, by
examining their performance against the indicators

•

Assist in planning new systems to ensure that they will be sustainable, by
making sure that steps are in place to fulfil each of the indicators

•

Examine policy or funding decisions related to service provision which may
impact on any of the criteria or indicators either positively or negatively.

Differences between user groups in Central Australia in terms of how they conceive
sustainable water and wastewater systems have been identified. For farmers and
roadhouse or tourism operators, such systems are a critical part of the overall viability
of their operations, which are ultimately governed by economics.
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Farmers need systems which will provide adequate water of appropriate quality to the
people living and working at the site and the stock or crop they produce. The
maintenance and economic costs imposed by the systems must not be beyond the means
of the business to support, and they should comply with the regulation that does exist.

Roadhouses and tourism sites require water and wastewater systems that are adequate,
reliable and safe for the fluctuating populations that use their facilities. Regulations
relating to public health must be complied with and the costs of the systems must not be
beyond the means of the business to support.

There is considerable variation within remote Indigenous communities, making it more
difficult to generalise about what sustainable systems look like. They must be affordable
for the community and in light of the ongoing funds must be available for operation and
maintenance. Water and wastewater systems must protect the health of the community
and the long-term viability of the water source by not over-exploiting it. They must
meet the needs of the community and any regulatory requirements to which they are
subject. Responsibility for operation and maintenance of the systems must be clearly
defined and those activities must be within the capacity of those assigned to carry them
out.

The next stage of the research has related to an assessment of water and wastewater
technologies for use in remote settlements. There were three research questions relating
to this work:
3. Using conceptualisations of sustainability as an input, can a sustainabilityoriented MCA framework for assessment of water and wastewater technologies
be developed?
4. Which technology performs best when the MCA framework is applied to water
and wastewater treatment technologies for remote Australia?
5. What recommendations can be made for technology development and
implementation

for

sustainable

outcomes,

based

on

the

original

conceptualisation of sustainability and the MCA results?

172

Five commercially available units for water purification (by reverse osmosis) and
wastewater treatment were selected to be assessed. The water purification units all use
the same process of RO membrane purification to remove dissolved salts from brackish
groundwater, so the primary differences between the units were size, cost, power
requirements and simplicity of maintenance required.

The wastewater treatment units are all designed to treat the wastewater generated by
10EP to a standard suitable for re-use. They use different processes for wastewater
treatment, ranging from aerobic treatment to membrane bioreactors and packed bed
treatment. There were also differences in the post-treatment disinfection of treated
wastewater with UV and chlorine disinfection used by some units. Therefore there was
greater differentiation between the wastewater treatment units in terms of output quality,
power consumption, costs, ability to handle variable loads and so on.

A sustainability-oriented multi-criteria assessment framework has been developed for
the assessment of water and wastewater technologies in remote Australian settlements.
The framework was developed from the results of the scoping study relating to
technologies. The framework contains 13 criteria that reflect the relative importance
placed on different attributes of technologies mentioned by respondents: 5 technical, 3
social, 1 institutional, 2 environmental and 2 economic. There are 15 indicators for the
criteria.

Four different approaches to weighting the criteria were used to both reflect and
exaggerate differences between the user groups surveyed; to treat all criterion as being
of equal importance and to treat all the dimensions of sustainability as being of equal
importance.

The framework developed is a simple linear additive MCA model which could be used
by decision-makers trying to assess the relative sustainability performance of different
technologies for remote settlements. The weightings on each criterion can be varied to
reflect the preferences of the individual site.
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A telephone survey of technology manufacturers was carried out to gather performance
data relating to the 15 indicators in the MCA framework. The relative performance of
the technologies under consideration was then scored using 3 different methods to
determine any variation in ranking using different methods and the sensitivity of the
MCA model. The methods used were as follows: a local scale with best performance
rated 100 and worst performance rated 0; a local scale with best performance rated 100
and other performance rated as a percentage of best performance; and a local scale
ranking technologies from 1 (worst performance) to 5 (best performance).

The results of the different scoring methods were analysed and shown to cause some
changes in how the technologies were ranked for water treatment technologies but not
for wastewater treatment technologies. In the latter case, one technology was dominant
by a large margin, even when Scoring Method 3 was used (which reduced the spread of
scores compared to Methods 1 and 2 considerably). It was the best performer against 8
of the 13 criteria. In the case of the water treatment, there were two technologies which
were the best ranked in 5 criterion each.

The multi-criteria assessment was then carried out. Each of the 4 weightings of criteria
was combined with the results from the 3 different scoring methods. In the case of
Weighting Methods 1 and 2, there were also differences between the three user groups.
Therefore in total there were 24 assessments carried out using different weighting /
scoring combinations for water and wastewater technologies. The technologies have not
been referred to by their commercial names in the final MCA but instead are labelled
Technology A, B, C, D and E. This has been done because the purpose of the research
was to develop and apply a sustainability-oriented MCA framework rather than to make
specific technology recommendations.

In the multi-criteria assessment of water technologies, Technology E was the best
performer being ranked top in the MCA in 16 of the 24 analyses. This was due to its
good performance against criteria such as being robust and reliable, and able to meet
demands during busy times. Technology B was the next best performer, ranking top in
the other 8 of 24 analyses. Technology B tended to be favoured when Scoring Method 3
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was used and the magnitude of scores decreased, and when Weighting 4 was used
which placed greater emphasis on non-technical criteria.

In the assessment of wastewater technologies, Technology A dominated the MCA
results as it had the raw scoring results. It was the highest ranked technology in 23 out
of the 24 MCA analyses carried out. The only exception was when Scoring Method 3
was used in combination with Weighting 2 from tourism / roadhouse sites, which led to
Technology D being ranked top due to good performance against the ‘demand during
busy times’ criterion, which was ranked highly by tourism site operators.

These results showed that the different preferences between user groups had relatively
little impact on the outcomes of the MCA. Similar criterion had been ranked highly by
all three groups suggesting that whilst overall meanings of water and wastewater
systems sustainability may vary between the groups, the desirable attributes of
technologies in remote settings vary little.

The results also indicate that there are two water treatment technologies which are likely
to perform better than others in remote settings and one wastewater treatment
technology which out-performed its competitors.

Gathering more detailed performance data by means of in-situ testing is recommended
for the purpose of further MCA analyses.

In the case of water treatment, implementation of reverse osmosis units would only be
viable under certain conditions i.e. inadequate rainwater available for drinking and
prohibitive costs of trucking water or sinking a bore for better quality water. If these
conditions were met, careful planning and system design would be required to ensure
that there is someone at the site with knowledge of the operation of RO units and
requirements for operation, maintenance and shut-down / start-up procedures. The
quality and quantity of the brine stream would need to be determined along with
appropriate non-potable uses or disposal mechanisms.
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In the case of wastewater treatment, the units considered offer some advantages over the
existing technology (septic tanks) which is in use. The units do not require frequent
pump-out and they can in treat wastewater to a higher quality - suitable for sub-surface
irrigation or even domestic non-potable use. Not all units had regulatory approval for
use in the NT and this would prevent implementation until overcome. They were also
not designed to deal with the considerable population fluctuations that are a feature of
life at these sites.

Further development of water and wastewater treatment technologies could improve
their sustainability performance in remote settings. Such development should focus on
areas such as modularity of the units so that extra capacity can be added; making
operation and maintenance of the units simple enough to be carried out on-site by
existing personnel; improving the robustness of units for the conditions encountered;
improving environmental efficiency and adding solar power for independent supply as
an option where possible.
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Telephone Survey of Central Australian Water System Managers about Water
Purification & Recycling Technologies: Needs, Awareness and Priorities

Survey Questionnaire
INTRODUCTION
Hello, my name is ………. I’m calling on behalf of the Faculty of Engineering at the
University of Wollongong. We are conducting a survey about water systems and
technologies in remote areas.
Could I please speak with the person at your site who is responsible for looking after the
water system?

Before we commence the survey I need to ask if you have received a letter informing
you that you would be called as part of this survey. Do you remember receiving this
letter?

I1.

Yes

(

)

I2.

No

(

)

If no: To make sure people are informed about this survey I need to mail or fax an
information sheet to you. Can you tell me what is the best way to send it to you?

Record details here: ______________________________________________________

Thank you for your time today, I will call back after you should have received the letter.

If yes: Do you have any questions about the survey?

I can assure you that all information given will remain confidential. The answers from
all people surveyed will be gathered together and presented in a report. No individual
answers will be passed on or able to be identified.
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The survey will take approximately 20 to 30 minutes. If you do not wish to proceed
with the survey we can discontinue at any time or make an alternative more suitable
time to call back. Are you happy to proceed?

SITE POPULATIONS
The first set of questions is about how many people your water system serves.
Go to questions appropriate for site type.

1) SITE TYPE: FARM
Could you please tell me:

A1. How many people currently reside at the station?
Enter number

_____

A2. Does the number of people at the station vary throughout the year?
1.

Yes

(

)

2.

No

(

)

Go to next section

A3. What is the maximum number of people who would reside at the station?
1.

Enter number

_____

2.

Not stated

(

)

A4. In a typical year, how long would the maximum population last for?
1.

Enter time period

_____________

2.

Not state

(

)

A5. What would the minimum population at the site have been in the last 12 months?
1.

Enter number

_____

2.

Not stated

(

)

2) SITE TYPE: ROADHOUSE / TOURIST SITE / NATIONAL PARK
Could you please tell me:

A1. How many people currently reside at your site?
Enter number

_____
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A2. Does the number of people at the site vary throughout the year?
1.

Yes

(

)

2.

No

(

)

Go to next section

A3. What is the maximum number of people that can be accommodated at your site?
1.

Enter number

_____

2.

Not stated

(

)

A4. In a typical year, how long would the maximum population last for?
1.

Enter time period

_____________

2.

Not stated

(

)

A5. What would the minimum population at the site have been in the last 12 months?
1.

Enter number

_____

2.

Not stated

(

)

3) SITE TYPE: RESOURCE AGENCY / COMMUNITY COUNCIL
Could you please tell me:

A1a. How many outstations you are responsible for providing water to?
Enter number of outstations _____

A1b. What is the current total population of all the outstations?
Total population

_____

Not stated

(

)

A2. Does the number of people at the outstations vary throughout the year?
1.

Yes

(

)

2.

No

(

)

Go to next section

A3. What is the maximum number of people that could be living at all outstations?
1.

Enter number

_____

2.

Not stated

(

)
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A4. In a typical year, how long would the maximum population last for?
1.

Enter time period

_____________

2.

Not state

(

)

A5. What would the minimum total population at all outstations have been in the last
12 months?

1.

Enter number

_____

2.

Not stated

(

)

GENERAL WATER SYSTEMS, QUANTITY AND QUALITY DESCRIPTION
I’m now going to ask some questions about how your water system works and if there
are any quality or quantity shortfalls you are aware of.

SITE TYPES: ALL

B1. What are the potable (drinking) sources of water at your site/s?
(can tick more than one)

1.

Rainwater

(

)

2.

Bore water

(

)

3.

Spring water (onsite)

(

)

4.

Bottled water

(

)

5.

Trucked water

(

)

6.

Dam water

(

)

7.

Other (specify)

__________________________________________

B2. What are the non-potable sources of water at your site/s?
1.

Rainwater

(

)

2.

Bore water

(

)

3.

Spring water (onsite)

(

)

4.

Bottled water

(

)

5.

Trucked water

(

)

6.

Dam water

(

)

7.

Other (specify)

__________________________________________
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B3. Do you ever run out of either potable or non-potable water?
1.

Yes

(

)

2.

No

(

)

Go to question

B4. If yes, which type do you run out of?

B5.

1.

Potable

(

)

2.

Non-potable

(

)

3.

Both

(

)

What would you say is the reason for your water shortages?
(read list out, can tick more than one)

1.

Inadequate rainfall

(

)

2.

Inadequate bore flows (

)

3.

System leaks

(

)

4.

Inadequate storage

(

)

5.

Waste at site

(

)

6.

Need more bores

(

)

B6. How do you deal with water shortfalls?
__________________________________________________________________

B7. Is there anything you would like to do at the site but can’t due to inadequate
amounts of water?

1.

Yes________________________________________________________

2.

No

(

)

3.

Don’t know

(

)

B8. What is your opinion of water quality at your site?
(read list out and tick only one response)

1.

Excellent

(

)

Go to next section

2.

Good

(

)

Go to next section

3.

Adequate

(

)

4.

Inadequate

(

)

5.

Poor

(

)
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B9. What is it about the water quality that concerns you?
(e.g. hardness, build-up on taps, iron content, stains on laundry etc)
__________________________________________________________________

B10. Have you made any attempt to improve water quality?
1.

Yes

(

)

2.

No

(

)

Go to question B12

B11. What have you done to improve water quality?
__________________________________________________________________

B12. Is there anything you would like to do at the site but can’t due to water quality?
1.

Yes ________________________________________________________

2.

No

(

)

3.

Don’t know

(

)

WATER SYSTEMS TECHNOLOGIES
The next set of questions relates to technologies used at your site.

SITE TYPES: ALL

C1. Which of the following technologies are currently being used at your site and how
many of each do you have?
(NB Technologies they have but aren’t using shouldn’t be counted. Record
numbers.)

1.

Windmills

(

)

2.

Solar bore pumps

(

)

3.

Diesel bore pumps

(

)

4.

Solar hot water

(

)

5.

Gas hot water

(

)

6.

Solar power supply

(

)

7.

Diesel generators

(

)

8.

Rainwater tanks

(

)

9.

Septic tanks

(

)
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C2. Do you currently use any water purification technologies, e.g filters, softeners?
1.

Yes

________________________________________

2.

No

(

)

3.

Don’t know

(

)

C3. Do you currently use any water recycling technologies?
1.

Yes

_________________________________________

2.

No

(

)

3.

Don’t know

(

)

MAKING DECISIONS ABOUT WATER TECHNOLOGIES
I am now going to read out a series of statements about factors which have been found
to influence the choice and sustainability of technologies in remote sites. Please tell me
whether you strongly agree, agree, neither agree or disagree, disagree or strongly
disagree with the following statements. If you are unsure please indicate this as well.

SITE TYPES: ALL

D1. If I was considering purchasing a new piece of technology for my water system,
its maintenance requirements would play a significant role in my decision.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D2. The safety of a new technology is not something I would pay close attention to if I
was considering it for use in my water system.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)
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D3. When evaluating technologies I look for a ‘complete package’, something that
does not need extra equipment to be added for it to work.
(If asked to clarify: for example if you were considering a new effluent disposal
system that would require additional power generation capacity to be added).

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D4. It is important that my water system complies with regulations issued by
government departments.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D5. When considering the addition of a new piece of equipment to my water system,
the initial and ongoing costs of that equipment do not influence my decision

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D6. The technical quality of a new piece of equipment, such as its robustness and
reliability, would be important to me if I was considering purchasing it.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)
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4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D7. The waste produced by a new piece of technology is a significant consideration for
me when making decisions.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D8. For a technology to work well at my site is important that someone on site
understands how it works.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D9. The social benefits delivered by a new technology, such as improved health or
less manual labour, are important to me.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

D10. The resources consumed by a technology, such as fuel or electricity, are
insignificant to me.

1.

Strongly agree

(

)
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D11.

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

The capacity of a technology is important to me when comparing different

options.

D12.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

Cost-effectiveness (over the service life of the equipment or per unit output) is

not something I consider when making decisions about new equipment purchases.

D13.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

For my water system, I would be most interested in technologies that deliver an
environmental benefit such as water conservation or reduction in fuel used.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)
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D14.

For my water system, I would be most interested in technologies that deliver an
environmental benefit such as water conservation or reduction in fuel used.

D15.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

The likelihood and consequences of failure of a new technology would be an
important consideration for me in deciding to purchase it.

1.

Strongly agree

(

)

2.

Agree

(

)

3.

Neither agree nor disagree

(

)

4.

Disagree

(

)

5.

Strongly disagree

(

)

6.

Don’t know / unsure

(

)

AWARENESS OF TECHNOLOGIES

The final questions I have to ask are about your awareness of a range of water
purification and recycling technologies. For the technologies I read out, can you state if
you have heard of the technology, are unaware of it, have considered using it or have
implemented it at your current site? If you are unsure please let me know.

E1. Reverse osmosis
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)
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E2. Water softeners
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E3. Membrane bioreactors for water recycling
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E4. Solar stills
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E5. Greywater recycling
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E6. Magnetic purification
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)
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E7. Blackwater recycling
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E8. Reed beds for water recycling
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

E9. Nanofiltration
1.

Unaware

(

)

2.

Heard of it

(

)

3.

Considered using it

(

)

4.

Implemented it

(

)

5.

Unsure

(

)

That concludes the survey. On behalf of the Faculty of Engineering at the University of
Wollongong, thank you very much for taking part in this survey.
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